United States Court of Appeals 
for the Second Circuit 



EXHIBITS 




In The 

United States (Court of Appeals 

For The Second Circuit 


THF. NATIONAL NUTRITIONAL FOODS ASSOCIATION, 
and SOLGAR. CO . INC.. 

Plaintiffs-A ppellants. 


vs. 


C ASPER W WEINBERGER. Secretary of Health Education 
and Welfare and ALEXANDER M. SCHMIDT, Commissioner 
of Food and Drugs. 

Defendan is-A ppellees. 

On Appeal from the United States District Court 
for the Southern District of .Wk York 


EXHIBIT VOLUME 


Volume 



II . PP. F.3«7 - E691 


BASS & ULLMAN 
Attorneys for Plaintiffs-Appellants 
747 Third Avenue 
New York. New York 10017 
751-9494 

PAUL J CURRAN 
U.S. Attorney for the Southern District 
of New York, Attorney for Defendants- 
Appellees 

U.S. Court House 
Foley Square 

New York, New York 10007 
264-6377 









































































nlklilulnt 
















































































8 Jim hi 

I InlJ? hi 

3 r*il tji 

3 ms! m 

i \vM a* 

5 llii 2 -‘53 


§ jd|l \iK 

* rnmht 


I•j ?§ £ 
i & * f § • 

■It I :.s< j 

b « O j ; ,3 

H 

< ft • a l w • 

UJl Hi 
UMlii 
hflijJ 

* “3 > 0 * f m 


iff m m 
ji ij 8 |ifij 5 

C | o 53 C j7i 

§ 6- ^ f.-I t ?*5 s-s 

l * i S3 5 - “4-3 S-3 
5 1 * ^ :i* sif: 

S J 



HHili |f!J 
Jji'lUl li J 








































jfiiii mm 

is ila*3• 

; d C Jltf > 1 § 

>2 S * Z1 f, g I 

e ** * **» 

3 c» S o c c • fi 

\ * * s C £ j I 

f“r*a |.s= k 2 

3 S 5.5 5 S'* ' 

“c”"* !*Sf 

- * •* j 8 * 4* 




J.s.S S 

2 y j.55? | S 

Es’i**n 

Ufill'f 


«s|i| § s j 

»<i'3 1 .S l 


.5 .2 C •* 

1 Jiif! 


t ■ 

W-f 


l " 

ini:**! 

’*22Sjii 

j f C 1 t « ? j 

•M 5 s j * 7 -s 

! yj-ii 

-|: I i 4 s 


z ** “ as: g 

is i i'i%\\ 

l SI*** H 


5 till 

2 | 1 J 4 

.r 2 j,* jq 

5 .. * fc c 
•- £• "r n *5 
► s e 2 e 

f-3 i > ;i 
i , r • ► 

i i i ■ -s 
r §.1 S f 

3 i " tt£ 

iiiis 

i " 5\S « 

J 3 11 1 

•aw 5 ? 1 * 

I III* 

|{Ut 

iHS* 

lilll 

1 c ► ■ „ 


ffi 

.> £ C 

5fi * 

aSS 

s - 

* 

?H 

a «•? 

f2l" 

M* 
•3 ia 

jhI 

3*1 

if* 


|fi 

!- ( 3 

e .ll 

6-5. 
1 ■* 

m 

-M 

!*a 

CiS 
. 1-. 


I 


if. 


.IgJI 

i?l* 

a 5 t c 

Iti* 


li 
a 2. e 

ill 

ill 

m 


’ Tr ^TV T" '* 

«i , 


' t > * *: •;•/••• 


• • a 


$ • 


1 - ■ 


• • * 











timnu 

lit sCiifi iH 




flifcj 


ONLY COPY AVAILABLE 









UflW.HH Til THK KIIITOM 




,«»r. IIWj.,1 ! 

, rwfpul ni , 

HHIHOllUrp ' 

»iM r .„. 

iflrrrnt rku. 

•nyru ^< 


* • 


« » 


*1 / 


* V 


. -Hi 

* *VHe,*l| 1 . 

. "**, •Pf"M» H .. ' 

M f«w, ||(, 
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hHrwtjr I* . 

• «"re. an,| . 

and far nil, 

w is a very , , ' 
ma of i tn< , . 
«• OAHlia.,) , , 

'» |l | 

nibjerlcl **., 

H# vuliu>iatnlr>, ' 
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ia af aririnali . ' 


J. Naiph, 

frrr^iMMi ln„. 
Irnokn brta».-, 
proclitic *(,,. 
jwitWm, m 4. 
,»« eoliil. ia p. 
-alilia. rrlapdr. 
rr af Uk> irrlw. 

, «wh form i. 
talI Uni ran I 
f Ilia r.unr. 
eiampln of b.< 
y rfn.fi at r.| l. 
*bo have la i' 
iliar ailla IK 
at aa ag. air 
■ invariably i:,. 
yntpalln-lic t«: 
Vby inie rot.-, 
anol her only ■. 
»o aai air til.ita- 1 
aulnry iufrrlii , 
n Ini'li I,, lo al. 

lT*olail aa ia 
firal |arorr»«. 
modern alintH 
I fha rrrjr vui-* 
tiowrl ara nil 
Ilia If ncrrujrt, 
aaf tlaa paiaui 


! a amrr»»M iasan may aril bring ra,IUU. aa l>r. Wee. 
a* * propfcmlru, ottro more under llau a-gi. a,f 
|4at •Irian. Meanwhile. wluu liar eliangr. iit Data 
• a am rfrrnierf im-\rr.ilrff. tar liar |alimt a a lira ia lit 
■ .Tf. Ikr l*r«l chance of red,.ring ha .illla It lag r.a laral 
..ft. aiolrilal.ro at coon aa |ao..il ( |r, TU, thought. 
... ml rorKTHoa In aprrlal rralm. mho hive (aifirlrd 
•>tl lrrl.aia|tar anal improved Ilia ap|rfiaum for llto 
••ol. bn. «>.mU ilroalrtiijr anal aici.iam of Ilia aulaaii 
..prate* altirli edera the |uiir«l a tufa, cuinforiAide. 
| mcedricterf Ufa. 

•<4. D. Ltxo 8 ii.vkkiow. 

nr.uv.w or mkntai. hospitals 

•it,—Ur, Alkln f.lnly 4 * arraaia to overlook tint fact 
4 a nonlm ha.pilal la, la all intrnla anal pur|Huu», 
,aa4ilal>. far drlnaliiHa | and H« ar|i.tn.|a uiiiU a il lain 
. aiH* aonl.l allrr that feature. Ma.rr.avrr. Ilia time 
.'.nwir mmUl lan.|ii(.i| to all hare aurla uniu ia in the 
•da falnra. 

liar arrd far relief ia vary aeala In nil parts #.V tha 
mirjri and hava u rely on building. already 

• t.liag aad aUffaal. • Al anroral general Im.pilitl. I 
nr fnnaat roam, onno- l. Them rooms couhl U rial. 
*•4 l«l" oniU af Ilia awl f hava pm|nitral f uml, 
.. rrrr many inrnlal laotpilala. tto-.r ronhl work 
•KhiI hnviog Ilia full nailing ilrwril-mt lay |»r. AI kin 

•I MrfanraMa. Surely, loo. the overcrowding of 
nil laa.pil.tU ia In a groat silent al.ni la .vliuiatnn 
•pite-nla a Ian alaoalal l« in a grnrr.il hntpiul. 

I .Irnihl hart nurfendnod Ur. Alt.in'a rrluel mro 
•Iff if ha had been w riling from a (rorral lma|.iUt 
'.'hi lhan a oimfal hu*pilal. Wo am, Itnuerer, In full 
•neiarnl an iota pnlal: liLo him. I la-lii ve llml my 
•f«.al fa art aiida gr'irral hinpiul lanln for mnlal 
.•«•!* ia nnlikrly to gr-, nunii iinninliaU an, port 
ta athrr apacialitla, lint | alto In lino Dial tlir limn 
ii fame whra it thanhl Ini rrrngni^.,1 lb.at p.yrln.Irjr 

• r. k^ than uir.ll. lw plain tho orl of aiad.inlnii.tii.4 
> atiad. Mr.li. ine Haa n.o'.nl a point whrra it ran grt 
-•V farther oiihmit liar aial uf Ita rrualo but -lowctful 

I rapidly growing younger brulhor. 

J. \V. MoLLMra. 
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Urge part* af a rliuirnl inrmligatiun may be art Iran trd 
la l.vhiiirluna. Aa a rule thrnr Irrhnirian* ara well 

... and >1 nallr.nl In thrir t|irrUI Usk, but lark the 

broader burtgrouml of rliniral aaprrirnra. Tho aa.no 
• laa-ttaa may he pm|nngr,| lung after Ilia rrmoral. f nr 
eiamplr, of a lumUir-pimriarr naodla. The ana-atlieli.t 
may often final hinnrlf virtually alamo to deal with 
•Ui.grra Anal diilicutiirr, ari.ing. aot from Ilia an.vwthetae. 
Inn from the eaamiliril natiiro of tlae invrtligatinn. The 
UlUr tlaa ana>ihrliet. Ilia mars likely llama ara to 
oca-of | for good amrntlaenia enrnaragna IhnrougU and 
otrlhiMiiral InratligAtion. wbirlt ukra a long time. 

Inrmtig.alion lihn thii It grratty la tho a.lvantagn of 
pnnto ilUgnotla, and amr.ihmU la of real value, far 
Ilia rnn^ iout patieut aimpty rannot tnlrrala Ilia ordr U 
of lenglliy |eaaturing. In n.l.lllitm. Has ammtheliat may 
ailjn.t tho hlo.nl. prrrtnro to’ a .tint tl.a luxation of tho 
nmllo in camlial or wrUhral artrrin- Aphy. 

I. for one, wonhl reject al.m>lutrly tha idea fhat 
pai irnU ahoiit I go In.me after a long ann .l In-tie, whatever 
llio agent ’io |ier»i«t in rorh a prarlira wnnhl, in ny 
•pinimi, guaraiikw a rollUion with on toward rirenmAUnes 
—aoniicr Or later. Tlie f.rnt twenty-four lomni after an 
am .(hello belong, to tha anarallicti.t to follow op hi* 
caw. and It .hould he cl.iimcd aa a right. Aa tliero aro 
rarely aurgiral oontiileratinua after .nth inraligatimia. 
tlie^i t'lH’i i.lTer parlirotar aenpo for oWervalion and 
cliniral anamination in the porUnawibatio pliaaa. 

W.lfaard v.lrmllr UiaidUI. 
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in Ilia ho.pit >1 j 
•f llmaa palieot* 
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•pproaoli hi a*,i , 

lie far Inleadi* S 
S In aa allemp: ■ 
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Jill tbo enlnai i 
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hnctrlM Wrnt.1 JtMettnt, 

Mriro 

tVfgTlri,SIA AND CLINICAL INVKSTIOATIONS 
•rt,—With the prineiple nUlol in ynur letuling artirla 

• i arrk law wnnld iliugnw. Von my “ Unit tlm only 
l*t hmiiing the u~o nf an:e»tlie.ia for I hi. fpneoimi. 

• riulngiaphy] and many oilier inv.wtigaiinn. that 
•ill ili«lie.« rhuiihl ha the nmnlicr of lr.iined anica. 

• •'d*." 

H'.trrrr, II is one thing to define a limiting fwrtor, 
. J tail, another In remedy It. Over a deenitr ago. 
If ie ,4 lh.it the dutira of aii» ((heli.t in . Urge leaching 
■'fdd cauhl lie arcumpti.hed by a iniafnru of gu, *.. 
« rk and rnminan *en«c. Hinra lliat lime it haa become 
iimiA that .beer practice and experience, bowerrr 
ininre, ia nut adequate uilhout pn.|ier training 
N mj mind, the inu.t teriuua que.lion :„,.e,t l.y tho 
.hreli'in nf an.i'.ll„ Hr. ami clinical mve*llgali,in 
■ tl,4l af Iraining. Trained anI'.lhcli.lI .re not umtuly 
err. a.; end me dor Ana attic ti.li., who ajuna can pa*. 
1 1 K-ir .pcciii .kill, am even 1 cm numerous One ha* 
•a lha elifTrnlng of liia alan.lanU for antralhetie 
H-ati.i-and rightly, fur lha lc»|H,h.,l,ilily rarri.d by 
• aa.iwlhcliit ha» Im rr.l.ed very greatly. P.iperienro 
•• llmaa tlial even after lha potential anratbetiat haa 
•a altowcd time to Income a remon.il.ly npcrienml 
■wrua, at lea.t two yanra of uiiinlcnuptcd training 
I raperriwd work, aolely in ariir.l hel ic*, ia nccoa.,1 ry 
hm an.! Athene, for elinical invratig.ilion. al,uuld 

• tackled. 

bhcicai at an oper.dion. on aipvrienee*l aurgann ie 
■■••eal fat lea.t a* c .unrel and coiujianlon in cri.ia). 


J. No OL Jicuor. 

IDIOPATHIC IIYPF.HCALCAIMIA IN INFANTS ' 
Sm.—“ Maraamua." to named by oiir predciiwaorw hut 
a int.lrry la them, ia no longer eonaiderrd la ho a aingi* 
diaraw*. and (aa you noted ...tun mor.tlia ago ') many af 
the dilTcrcnt condition, iurliuli-d under lliii general term 
have now been arpanted ofl. Aa we turn the line ailjn.t. 
io. nl oh Mro dijgim.tic inirruecupe, it i. moat inipo:‘_mt 
In avoid ronfuaion in mu new and, wo in.|ic, im.io accurate 
tern.inolugy, Cuufu.iun al any stage, eapeeiaUy et the 
beginning, ran ea.ilr hinder progrra. i maliruhma c_re 
iiiii.t Ihrrrfore lie laVcn over nonienelature. Ideal!r each 
new iliaeaAC name .hunld indirale the Kliology j when this 
i. not yet putoilde it .hnul.l lx> accurately descriptive, 
pr.-frrahly in term, of funrtion and .Iructurw; failing 
thia it mud be .imply rliniritl. 

fAltrutiuu i« now King directed to a group af die. 
tnrliaiiera en.eting infanta in whirli rhronie hrper. 
cah'.’cniia ia preariit, not anaociated with urert poumung 
by vitamin 1) or with byprrparalliyroiiliua JTbe numra- 
cfaliir.r un-d In Ilia description of tlicMi caeea of bjper. 
calrarniia will not lie ra«y until more ia known about 
thrui ami cperiatly aliout their a tiology ; for tho 
inn incut we can only In he I Ihran aynilruine. dcAcriptirrly. 
(Mia type ol eyniliuine m.iuif.>iiug hyperralea'mia haa 
Ini iiT.ilu lleil by-.ftWryera in England and in SwilierUnd, 

•l> fl.llllW N | % *”**•• _ 

(>rrii*frwirmtd mtanlnlikMio will, mut ini|»i n i n «>t, 
ralna iiiift, oalrvMcloftMM of skull. (On* aruar Priyod 

by llutlrr.*) i 

CltftHtM hypwculcvmM with MtcoMrlvraii^, mm owtiw, 
A 4 t«l con irisl iM*|»lm>c*lciiiontc. (Oisb 1*1 Milt, dPvcriljftd try] 
Kuufimi.') ^ 

SuWqucntly, there Kngllah and 8wi«a patient* wrru 
mare fully rv|M.rteil under tlm title “ L'lirouieche Ilyprr- 
mlraniio, kouihiuiert mil O.tvoakleroae, II rprraiot.tioio. 
Mindcrwucla und kongrniulen Mualuldungva'* by 
Kuneunl et al.* 

/Inuthrr syndrome occur*, more common thaa tbo 
fir.t, whirli ia lours Iwiiign and ahoua a lews dialinctivo 

i. mi. i, ia. *“ 

>. n.iin. v it iw U. a*, mu. mi, ««. tea. 

y. t •urofil, <1, mr4. M • rkr. |»S|. ||. )fi|. 

4. tmit oul. u , OlfHf.M-l. |* M U., lJulirr. K, B la*t / 

//*/•. Jcim. Ml. 1. Jl 4. ## 
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tew H.i£ Hi < "r wr,ta ; """'""H- wa-tlng. mn..l|,,e. 

teu’'ml ‘ * M ‘ I • dehydration), l.„ 

1,1 thrive " I, a. hr. .u^ .lr.1 « . 

j ■. . “ ,h ' 

rrllt ‘".'r-'T* puMUlicd by Dr. 

Crrrrf (J..I, 4 ) under IU till,. ••iduuatlhie htiwreal. 
rrmia <•( infant," I. the lint rumpir i.( •• g.iJr.>li~<.l 

m" 1 *•'•' 7“'. i,M • hyprcrnlrn-inU and 
J* ,, 1 '” 1 ’ to '» <!••*» rll.nl In Tkf Anaecf. |„ tl.U 

bmp.ilbic li.rpni-alr.nma Mill, failure m thrlrr" ami 
'S' <>'*nil«*l by |Ih> p,!.* 

Jw'.teV'JT lli ,' llul Hr. 

“n rr *' "*• »»'»■•• »«v applied l.y 

ni.rl.rni. || |« Important to ,.,, 1 . ,.„|„t 

SriTi. ... «f clinical 

«7l m r.7. . .'*'•••<*•«« I* linn.. .iiirr II i, 

^ •- 

il.I7.V-.7l iTJ"'*'" h urea I. 

. f ! r ‘‘“T, 4 ‘‘"T. 1 " w "'l«il.i« h, perch,.,., la 

I.li. /uT .l l . ** *•«! 

* ll " f,, ° h ri*n»nlr»^iil*« am tmimlml ami 
brnlk». Il.rrr i, no |a-rulUHl) of Dm. fari.w, no dirtln.-tlic 
''“"‘•T'l "** «'•'•»* benit. a.i.l pn.lial.ly |",,.: r ” 

■TMlnikli , •■'"'■•'•'r ajcnillraitl that an X «*.«•,,!|„1 

1.7 fi il l " **md. P-rhapi |„ at....it | 

11,0 “•n»ii-c»..iii.,i m rai-d fn iii nlamt |g 
I.. In nig. |»t Inn ml., , u*, bhajd-i,,. » j, 

7 * 7 .,'•« Tit i'° *7 Aa a rule hr.,,-,.,' 

Spsjts;, 

« 2 Sl"K ‘••'I* “■‘"•inlroaU liar. ak.-l. 4 nl rlumgc. 

frw Milihiif* AHirni.SrlMiii mri/ di-a-A**-, Tim r|.,..,.L. B i 
flmi.ii.-n III 11 -I l.lm.l air MiHlUr |„ ilm-i of..,,,,.I.- l, v ,iT*! 
"T"" 1 * f»«l* llml llirrr w.yla, , ,1a.,*, ,'„I. 

Jmi.il...... "i " r An im|v.,l,„a 

mmm. r ri^ .a l T* " f .'P">-ivn r)- 4 ulie 

nm inL-i I " *1 tt ' nr, ‘ ll, “ l '« •'»<- 1.1 rmi- 

rt a • ,i ,i r*T' l ''" T > If-""* !'- H.1,1 viom , 

ri.j .11 1 'r '.■* 1 l,h l,,p ayalnlM- n.i.rmur la 

liyi» ri. mi.*,. II..U, „,, „ui ,,,,. .a.., 

^r rJ 4 rr h «»■« a,..i, .in l ..„ u i, 

STi lr 7 7 , - k *“ 'I- ov'l.li*l a*uln 

oTnT L Vi mi ' “ ,r ' M- ii- iv. . II I... 

•l l“m"ivr limy l«- rlwmrl.-rivllr | ||,. 
7"',J * 4 '7 "l>l«-r li.1 i« oft.-,, ||„ t k an.I 

» I. mi T'V' 11 ' 1 " van. an- «-t 

•.*.«,T,,,. ‘ ’ •" 4 " w ,,B,U m-‘< VM" rv.t a ml 

AlllinnKh rehrllar* that ll.rlr trorlmlral plrUm .‘.nay 
" < J ,n ' n '” 1 ay'i'lrmiira. Ilm nivrrra la nomililn. Tl.ia ia a 

r. r m { : hy ,u «*r«^ 

m *" *’ tb 1 i ‘• r.|K,.iU abauM. aa 

•• *l»« folluting Jau t 

Loil, aarty 

on<l Inin In Il w imrona of Dm ilmvw. 

^JUMU.InrgrnHM iho akrlri^ tlrnnrn at d.lTaronl 

!?! of Ihn k.lory, at dWIrnMt .Urn. 

H) lll™»|.,m^,m. rr-n.l,nra. imfn.Uy nm.1.. by curful 

jjdbronr. LI a .r.l m, < „.r| «rl. a. ,U 

(4) A Mlor up repo* rnl Miam. of Uw moo.) ,,, 

ni'il..*| , 7 W •* »«/ »•»•« rliirl. 

»• clink-iMi eoiicrn.nl dor* nut l.imocll ri.<. to pul.I .L, 

M. Mary'a IlmHUI Hntu.l HWIIUIJ, (.ICIITVMt . 

K l ~- t la»>a.«. u i Tnonaa KTaii rtoa. 
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H.II* rnucRimoNi ~ 

Hut,—I knee jiut rrrrired tko Miniate* of 
circular mi l'r.. r rietury I'rrparttlmu.. | »4da, u ,' 
akm* in tlnnkiiiy lli.it tl.U mrrrly aeratchr. 1 
*ni 1 **+ uf lift pnKrilrtN2 fruMcm. ** * 

} lliAt all lining cjui b« eluMlfird . 

» lar«e ineo.nr* of agn-rmnu into two calrrmin. 

d J * !*«*"•'"«»»-»<-otT^t n. 

u ponraow (# 41 . Ml limn Ml or ron troll,a. 

aympi.pna (*.(.. l,y,mo<M no.I mi apunalint ^ • 

1 11m# llml Inn* no ourl, ,m>vnd rCTort and an 
loet!«ly a* crlorlM fur owpai . m **#«.). 

It U arg.ml.lo (l.at only dr.,*, of tho drat eat,--, 
irreiilurrakle tlwraprul ia ayruU. and If tnm pr,»^‘ 
raa lnmlr<l to ik«,n it ronl.l make a Try* bi»~ 
lbpd n„W». TUIa nernl wit. ! f“ 
prr-rrildH* dimu tl M oilier dm** eouJd bo araiUtL 
tko paiirnt a rt,irn<«, and in •• far aa ik., ' 
B ,"**rr , ," al ■“» »ccm unreaaonaMo II.mV 

almuM l« paid fur. , 

llonrerr un|ulaul.la It may bo to *o«r-ar,t 
pul Hi, '.ma, tin. anu|m of tho health oerrir* mart Hr, 
lm liniiiril by IK* fun,la aeaiULIo. At prrornt a l 
pn.ja.rl 10,1 of the* fumla la briny |«rlTeiti*rl, 
to proTHlo unraaential .In.*., .\o action *a Urn J/ n 
prrwrikmy dmlor. will materially reduce thia^u.- 
UBlraa it U au,.,iorled l.y an oirwial derlaralnm a 
nmney a».,.lal.lo | a fur Hu, f r „ prooialon only of 
llmt liave an ajfn-e .1 tl.rrapcutio *alo*. A Irm am 
"••Id of fro* prroeripliun mart divert fund. t> 
other luore effeclire mraeuree in the flrbt 
ui«ra«e. * 
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VENOUS LIGATION AND POSTPIILEUfTh: 

SkOUELAt f 

Sin,—It would bo unfortunate if tho uonaaTv • 
otatemeiil In lli* la#t ari.tenr* of tb* oummary of r 
**y I’POfcaaoc Ibiyd and hi* colleague* (July p 
abuuhl be tuu unreaervrdly acrepte.1. and if I* rw 
d.rt-ouras* further eaullim. controlled invertiealaiu ^, 
thu nu-ihral of trealmnit. 

Admittedly, ||,n uhjeelir* finding aa abown ia fc 
flgnrra quilled fur vriiuiia-prrMiiira mraann menu, o . 
appear In ..(trr ennyinriny proof that tho oprnir- 
faiU Li mi,mice the vnmu, return. Meny nert,. 
hourrrr, hare found llmt lh« rlinirat rr.nllr *f i:. 
u|irr.ilinn oro very much morn faruurahlo than haa b. 

I rufr/rtir lloyd'e aajierirnce. Moore* recently repan 
23 aiirli f-tM'A, fulluwnl U»r frwfn nihA monllig t n iW- 
year, ami tln-re waa con.pleLi relief of eempum, . 

‘ !"" 1 ,n M * tlMO w » there dclenoratiee « 

unilinirulflo »Atl< clItrU. 

The argument of 1 ’rofrmor ltnyd anil hi. eulbire- 
againit m.ijur rrnou* ligalion in tho trealmnit of rhr*. 
yrarilalmnal nb-er it greitly nrakrnrd by three fan. 
hy their niclu.iuii uf li rare! which had no ukcraloo. 
hy tlu. ti.ri.-ty of lerrU at which the rein wa. tvl. 
and Iry Ike largo proportion of eato* fib* aetoal nimbi 
It un-^irird) in which the ojieralion waa rombuuf 
with local Ciririon and graftiug of the ulcer, fro c. 
ayrr# that “ feuwcal ligalimi* are without doulil <b 
ha.l oi.mti.factory ••, imlci d. moat worker* who bar- 
tried hull, bar* reached the oji|m«ilo eoneluaion TW 
poor long term ruult. of any typs of grafting nmrau* 
m thrno leg. liar* lm-n n di«ap|M>iiitiiic,t to aunt m 
genna ; and rein ligation cannot bo fairly p-rr H if < ■ 
U rmnhined with an uja-ratiou which baa each notuneodi 
poor l.tio iraiilu. 

Tlt« Autlior* «La t«v— AUnnlfiflj*~|Kat f out H li 
witumA |hj|»I ite al vcr« liH bream* ■ *1 

1. M tMmrrl. J«Jy fj If-,* . | 9 | 

f. Mvwv. 4 i. i». /aJ, itu,^ ta. 
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R. D. G. CltEKHY 

' M D - M, U U C P., D.C.U. 

’ ’ ^ l,Ctf - iL “*•»« AXD TUTOR, THK ROTAL IILrm 

1 * , ” rrrAl " ,0 * ,,C * CllltllRKX A.Sit THK XVrriKLD PtfiKIUtvr 

Or CU, URALTU, Tilt Q-.TIO,'. U*,»M»,^o r 

D. W. Xeuj, 

WJe. Lood., A.II.I.C. 

• “ >n0 * • C, " m,r,C Omc»:R, ROTAI. VICTORIA NOtMTAL. 
ICITAIT 

Much interest has born aroused by tko success of 
bioobomk*! method. in tbo investigation of tbo nailed 

»“• bcc " >( intulatcd by 

recognition of Ibo svudiomo of •• idinnatbie 

ioo£nzn^nbcir“ 

• SS?’h«m onl*’ «re associated vritla 

* fna 1 "ff. "mjonia..and elevation of tbo serum-ealcium 
•nd blood-urea level* CliukaHy | l.^ndiliuuJmS * 

sppnta n<'oiis recov e ry u th,. m l,., - mla - 

- ,u ease* teen in tbo Royal Del but 

Hospital for Sick Children mid tbo Ava HospUal durinir 
tbo ) K-r.od April, mad to June. 1054 . 1 
reported (Orrery 1033) of idiopathic hy|>crcalc;vmia wills 
«oa i, upai r, nfllt< osteosclerosis. craniLtcno^iJ. by^r 
UtM RM i d - eC " f n JYtardatiou (Fanroni and Girardet 

B^a'iw ? U ' Cr, , a " J U,Jck ,W *> " «ot included, 

oecauio it fa at present uncertain Wluit relation this 
typo of caao bean to the syndrome under review 

Observations 

JETIOLOOr 

»•»■>«,S"d 6 maJos in tbo series 
—Pregnancy was normal in 
eases ; fn the remainder it bad been complicated by 
, considerable vomiting. There were 3 twiu.prc-nancic/ 

affected * 1 f Tof C H b (l iJc, " ic “'. * dissimilar) Jug 
Affected. 5 of tlio infants wero firstborn and 2 wer« 

premature Delivery was normal in ?0 ea*. anS of 
• ^T". r, " '* 1 , ' tt * weru * lorcjw dcliv.ric, I 
i, 

I,-”—-*L '•••'• IM *~e“feiT'on* 
^_f.Troirii,|m,| ...» s null.. In srveMlT^*.~m.'V. 7 , 1 » 

fyetlmi; bTiiTsTartiiH f'M'tl . 









D W'" infjiiU did not liavo 

Titamiu-p supplement*. Tho remainder Lad eupplcmcnta 

iwf 1 " ?°°, to tatornatlonal unit* (i.u.) daily ; 

j? n,,r t** ,m th ° ««»•«of «o a 

Mai . ,, ‘" da t0 »»*«** tbo approximate 

total vitamin.D intake from a consideration of tho known 

addition*. From Up* it would appear* 

isssgsrtss »«’ i,r - • m ■ m - >m - 

■ ‘j b.7^. 

■waa aaitoelaled with pyelonephritis and otitis media 
B ^ 1 "' “>d to Lava had a severe •SmmLrtf 
la tore throat, and 1 otitU media, in only 1 ease was* 
there a LUtory of aulphonamide medicution. 

__ . ««e Clin ior. ncTi'KK 

of d*nITi.-' ,a " U ?«"“ red lo l,,rlvo « firH and the onset 
« definite symptoms was usually clear-cut, at ace* from 
alx weeks to nine month* (see table). In ». Infant »ymi»- 

Wr,li - Vo, "'li«J—often unVc- 
taeular but occasionally severe and projectile- -wa* the 

i'f'ti a i " 8 C . a *°*- *" d il °“’ Uf «d in all but 1 

and in j’Jli 41,0 i""f M J*S a “ wi ‘l cou.tipation 
and in * with refusal to feed. In I ease vomiting and 

• VomU ne'Irn? T?*** ” ' C ** •*"“»»«*<«u*alv. 

1 wart of .I 5 . < m dcd ° V* moU * cvtro during tl,o early 
part of the illness and gradually subsided.* Period in 

but s* fijK ‘ d wiib i, *« chiya 

Teco*er\ Constipation was obstinate In most cases. th« 
atoola being Infrequent, small, and hard, and it resisted 

t>ersovera re "* <1,oa wbicb were given with remarkable 
perseverance. Proprietary alkali preparations were 
eo iimonly. used regularly (twice or Vico weekly? " 
dsilj for period* of weeks or mouib* with a ein<MiUr 
Jack of success. 12 infants were given mn<nietfa nrcnir i 
« traV ' 1 1 W ~ Wl j lll 0 t Ul nd ‘ ,ili0lial "Iknlino carminatives or 

an 7 i ... L , ! VC i ?" occa » ,ona * doso of carminative 
and 1 an occasional dote of magnesia j 2 had no alkali 

therapy. Other laxatives were frequently given without 

were' We,g,,t nor "’ a "j-* a "d some 

y*™ . ,b - Lclon their expected weight*. Definite 

anorexia sat noted in 12 infant* and distaste for solid* ' 

ZZTT'T'- 11 ,be n,0,bcr * thought that their 
lulanl* passed an exccssivo amount of urino. The mother* 

weak!, cm'£ 4 * " ° e, ‘"' pa,,or iM a - and “ muscular 

l'liysieal examination revealed liu | 0 apart from 
wasting of varying degreo. Growth in length appeared 
o I* retarded 4 of the 11 infant, who we?o mcalured, 
Wad circumference was within i.ornml limits a; * 
craniostenosis was not noted. . 

^ ptaititt-theinjioor physical condition most of these 
A riiruilis alias In l Ins pleasant iiaturcraawiateil~w7il! 
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a_dlmtnnllve ap)>oarnnrc. sunke n eyes, and a slander 

hasi sometimes suggested ti to diagnosis!- ■ 

‘. Clinicnl oxuiciiic ol dch^dt.iTfaU W3A relatively uncom¬ 
mon (0 eases) and was only seen wliero vomiting had 
been severo or long-continued. Though S Infants wero 
regarded as pale . ntvmia was nut a feature of the illness i 
ha-moglobiu values wvu* commonly utliiiu iidimiil limits' 
for ago and in only 4 eases wero limy below 75% (59%, 
60%, 65%, and 70%). Only I infant was regarded as 
mentally retarded. Hjjmtnnia—involving particularly 
the legs and sometimes i \ii' iin-— \\a< i‘i»nil (14 ea*c«I 7 
Other less conslont linding. wero unexplained episodes 
of pyrexia (8 cases), fa-cat masses in the colon (0 eases), 
soft apical systolic murmurs (3 cases), and hypertension 
(3 eases ont of 13 in which b'ood-prcssuro readings were 
. .made). Intcrcurreut infections (colds, bronchitis, 
tonsillitis, otitis) were scon in C ,u«cs. After ]»criods 
ranging from one to twenty-two months (see table), 
vomiting fiuatly stopped, appetite slowly improved, 
constipation loscned or dUnpjicarcd and the infants 
' began to gain weight and strength. 

TIIC BIOCHEMICAL PICTURE 
In all but 3 eases the initial examination of the serum 
showed a calcium level abovo 12 mg. per 100 ml., and 
in oome eases it was as high at 10-17 mg. The blood-urea 
level was almost always raised, the mean being 54 mg. 
per 100 ml. The highest values obtained for calcium and 
urea In each ease are shown in the table. It should bo 
noted that some of these values were probably in part 
attributable to dehydration, as shown by rites in tbo 
specific gravity of the plasma. Inorganic-phosphorus 
levols were within tho normal range for children of this 
age, the mean t'alue being 5 0 mg. per 100 ml. Values for 
sodium, chloride, end potassium were normal. Tho 
alkali reserve was generally within normal limits, but 
occasionally a little high. Kstiniation of plasma-proteins 
by salt fractionation gave normal reading* (with an 
occasional high total value) the albumin globulin ratio 
being normal. Klcvtrophorcsi* on paper (13 eases) showed 

• in 7 cates an Increase in the * t -globu!iu at the expense 
of tho ^-globulin : iu 2 cases tho v.globulin was also 
increased. Alkaline phospliataso occasionally showed n 
slight rite. Slid in 3 children tbo scrum-choiestcrol was 
raised. Sennn-magnetiuii. n »****! was within normal 
limits of 1-3 mg. per 100 ml. The changes in flio serum- 
calcium and blood-urea during the illness are illustrated 

* in tho chart of a typical case (lig. 4). The raised eatcium, 
paralleled by a raised urea, characterises tbo active stage 
of tho condition ; reversion to rather high normal valuta 
takes place after clinical recovery. In some cases tho 
blood-urea ehowrd a much slower return to normal. 

The trine was examined in 15 cases. The reaction was 
varied t only I infant passed a persistently alkaline 
urine. I'rotcmuria was not a feature, and on microscopy 
■ few put colls were seen. I infant, however, had a pyuria 
with a heavy growth of .SMpkyfnrnee** nit rent and 
proteus. Beauty growth of F.tthtrieltIn roii was found in 
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• earn and scanty proteua in 4 1 in 4 cases tlio urine 
area stt-rilo. In 7 eases chromatography of tho urine was 
normal i I case allowed excretion of plicnylalaniuo in 
unuaual quantity, and 1 of proline. 

OTIICU INVESTIGATIONS 

On radiography, calcification in the kidney* uraa not 
detected in any ease. At excct* of inte«tinal (at com* 
moidy oWurcd the renat tracts, straight radiography and 
pyelography (2 cases) gave unsatisfactory result*. The 
doutily of tho skull, pelvis, vertebra;, and thoracic cago 
always appeared to he within normal limit*, lfadiograph* 
of tho wriots * ' taken in 1 6 cate* : tlieso were normal in . 
3 eases but showed transverse band* of increased 
density at the metaphyseal margins of the lower end* 
of the radius and ulna with a similar apjiearance in the 
nietacarpalsin*omcca«c*(flg*. land 2). lit Senses a similar 
appearance was noted in the femur and til>ia (fig. 3). 
These bands were single, narrow, and well defined, quite 
unlike *' growth line* " (which were present «n addition 
in 4 eases): they wero reminiscent of the dense line* seen 
in lead poisoning. In I child the bands were seen to 
develop as Die illness progressed. In 4 cliitdrcn followed 
to recovery, the bands have disappeared. In 7 ease* an 
additional feature has been a xonc of slight rarufaction 
in the inetaphysis, proximal to which the normal density 
of tho diaphysis ha* been resumed. 

Kloclro encephalography (3 cases) and electroeardio- 
graphy (2) showed uothiug abnormal. 

• THE DIAGNOSIS 

In the absenoe of any of the common causes of wasting 
in infancy, a biochemical examination of the serum may 
bo of vulno in suggesting tho diagnosis. Tho pyuria of 
pyelonephritis is generally more severe than that of 
idiopathic hypercalcemia, and the latter can bo distin* 
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nUlm) from pink disease by the feWuoo of irritability, 
photophobia, rashes, and tacliycardia. liut idiopathic 
renal acidosis cnimot bo satisfactorily diagnosed on 
clinical {rouiiili alone. 

A study of these 10 cates, and of 13 cases of renal aeidotla 
ocourrii.g during the same period, displays certain 
points which may help in the differential diagnosis. The 
infants with renal acidosis had lea often had vitamin D 
added to tlicir feeds, and their ittneu had begun at n 
rather later age. The cardinal symptoms of anorexia, 
vomiting, constipation, and failure to thrive wore 
common to both syndromes. Irritability and sighing 
respirations were additional but inconstant featuros of 
renal acidosis. Wasting was present in both groups of cases. 
Pattat masses, clinical dehydration, and unexplained 
.Jiyrexia were more often seen in renal acidosis, whilst 
Hypotonia, uncommon in renal acidosis, uat characteristic 
of the hypcrcak-ii-inio syndrome. Urine containing a traeo 
of protein, and alkaline or ncut rul in reaction, was ehurae. 
toristio of renal acidosis; in tho hypcrcalcxiiiic cases tlio 
reaction was variable and proteinuria was absent. Minor 
pyuria was found in both. Radiological sclcrods of the 
metaphyseal margin, similar to that noted in idiopathie 
liypercah-iemia, hat been observed in several ca»ct of 
renal acidosis, Tho final distinction was mado on the 
scrum chemistry. Tho essential diffcrcnco was the 
finding of a pcr»i»tcntly lowered alkali reserve in the eases 
of renal acidosis. This ncid.i-iuia was not a feature of 
idiopathic hyncrcalciiniia, tho alkali reservo being 
.generally within normal limits or in some oases slightly 
raised. b * 
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• \ transient elevation of the serum-calcium vu found 
In 9 of tlio 13 ease* of rvnal nrqlosi*. In 3 cases this 
*" noted on the original biot-licmlcal examination but 
aiup|>carcd wbcn alkali therapy commenced. In i case 
hyiwrcalriciuln tea* found ou t ho ft rat exaininntion and 
one© again during tbo course of tlicra|ir. 3 other cases 
allowed raised scrum-calcium level* a* inolated ineidcnU 
during the course of treatment and while acidoti* wa* 
atill present. In 1 ea«e the hyprrcaleirmla |>craiated after 
return of the alkali reservo to normal. In 2 cates a high 
ecruni-calcium wna found on one oecntion after apparent 
recovery from tho renal acidosis. In oil other rc»i»ccta 
the*© ciiaco were typleal of renal acidoti*. 

TREATMENT 

Of the 10 children, 14 wero admitted to hospital anil 
the other two were observed a* outpatient*. 13 received 
no treatment apnrt from aymptomatie measure* to relievo 
constipation anil (when present) dehydration and infee- 
tion. Ihetc infant* wero given their utiinl diet* without 
vitamin-I) supplcinrut*. So a* to reduce the vilarnin-L) 
Intako further, a ch;iiigo un* luunlly made from vita- 
imit-Dfor(in<d milk* to liquid cow'# milk* In several 
ease* a synthetic diet of low calcium content and free 
of vitamin D was given for short period*: it wa* com¬ 
posed of soya flour, liquid glucose, peanut oil, and 
arrowroot made up with water and contained about 
75 mg. calcium per pint. In 2 of theso cases, in which 
tbo ponod* of trial wero probably'too short, tlio result* 
were Inconclusive; but in 1 enso this diet produced a 
gratifying response both clinically and chemically. I u 
1 infant a course of cortisone was given i the dose wa* 
12-6 mg. daily l>y mouth, with gradual withdrawal : 
potassium chloride anil oxytetracycline (terramyein) 
were given proph.vlactically, and a normal dirt'wa* 
continued. Clinical improvement wa* striking and tho 
gain in mfight wna flccclcrntvd. Tho channel in the ncniiii 
(Cg. 0) comprised a fall in calcium, phosphorus, urea. And 
potassium level* with subsequent rise on cessation of 
therapy which wa* followed by a fall in weight. The full 
In tho phosphorus level wa* particularly marked. The 
urinary excretion of calcium wa* not estimated. It i* 
possible that this child was nlrc.idy entering the recovery 
atago and that somb of tho change* were non-specific 
effects of cortisone. Nevertheless the biochcrnirnl response 
i* of interest and merit* further study. Similar finding* 
were reported by Dent, Flynn, and Xabarro (1953) in 
case* of sarcoidosis with hypcrralc.uinhi and impairment 
of renal function. 

VOLI OW'.UP (SEE TABLE) 

3 infant* remain in Iho active stngo of (be disease and 
I hat been lost *iglil of. 12 have been followed from 
apparent elinient recovery for varying period*. 4 of theso 
have apparently regained their normal rate of growth 
and reached their expected height ami weight, but 9 
atilt remnin below their expected stature. 4 of these 8 
atill-show blood-urea level* at or slightly above the upper 
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. _. ri , l .i in | mm ercn i((w eighteen Months. 
Urioo at follow-up haa shown minor pyuria (“ ***** .“*** 

atf-rrcx. •««»«»«*> ***«?* ° r p fl , nu ,r„ * 

Raff, flow'd AV*. ~H urinary infection. 1 

Infanta had beeomo amrinle. 

Pitcuailon 

sssrsss^ 

■s£&3Sp;w5sSt 

dccreo of retention depended mottl) ommJ' 

calcium in the infant’* diet, "hie » Rtearna (1930) 

with cow's milk a* with human milk. Btear T* 

sasgMsS 

’ tonded »o >'»--C iho‘ulinir'/ eVc^tion of calcium 

Dul-uU ”S 

and further that chronic hypewalcamla ma | o n 
hvalinWation of tl.c glomeruli (Dent. Hynn a„d Naoarr 
1053) with *uh*cqnent renal ""i >a ' rn ^ presented 

Thatcher (1030). in hU nimrt of • J l ^.irr* dU- 

■LSSSi.’hEKi «»«U... 

although *1'®, *i»d^rJ*h x^ariaHolt^n/ 1 ncruonal henaitlvcners 
by accepted atandanu. ' #m i |> r e*cott 

SdSrs r^sr^is/K?- 

SSss’SS 

!!. .1.. Ht.lc.l0HI ' l '"}""%^'.°acn.c dcuotitio.t of 
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•mVIp( an explanation for Ilia hypcrealermla, baa put 
forward the hypothesis that tlicro may bo an abnormal 
sensitivity to vitamin D in theso eliildu-n. Unequivocal 
ovidenco of aucli a sensitivity i« difficult to obtain, 
especially aa it may bo only temporary. 

Tn ono of our children in wliom tla scrum-calcium had 
returned to normal wiiliout *|>cci(io IrcMmmt and who waa 
roeciving t high calcium intake, the addition of 5000 I.v. 
vitamin D daily waa accompanied by a riao in tho icrum- 
ealcium from If mg. per JOO ml. to li t m,*.; in a period of 
two weoks tbe bloodurra rote from 30 mg. per 100 ml. to 
46 mg. Yet on eonlinning tlio vitamin 1> for o further ten 
day* tho serum calcium fell to 11-4 tng. am! th* blood-urea to 
>6-4 mg. Tbrouglioul iIk-«c cliangc* tin child continued to 
improve clinically. 

If, however, tbla juistulntc of abnormal sensitivity la 
correct, the radiological change* in the long hone* of 
oui case*, similar in nature to those doscriUd in 
'• ♦ hyiterritaminoaia 1), tire probably of ai^iiiflcanec. 

«•» In our .erica there i* clc.tr evidence for high calcium 
intnko from early infii.icv. The low rate and «lw.r( dnri. 

■ ■ jinn of bre a st-feedi n g i« nniati l c. and i n cr.-nn pl n ilm 

• ayntupmo ha * >o fa r been «cc n in a full \ lire.i«t-f ed Infap k 

• — Evidence for hyper. j'Huria ia le.» <U finite. Reliablo 
-• figure* for twenty-fonr-kour urinary excretion of calcium 

WHO obtained in 7 ca.ee, tbe figure* being «7-l, 54, 
48-i, 40, 50-5,00-7 and 47-75 mg.; but none waa obtained • 
In the early atagea of the ditcaae. If one aeeepta Stearns's 
figure of 20 mg. aa normal, thews ficures probably repro¬ 
of! Increased level* of urinary calcium. On tile other 
hand Knapp (104") gave norninl figure* of 1-82 mg. 
daily f>.i inf.-inia under dx monthe old fed ou eow’a milk 
’ ' .-and added vitamin I); ao there seem* to be eontiderable 
variation from infant to infant. In all but 2 of our ease* 

" ellamln-D intake had been more than adequato by 
accepted standards, and in 5 ca.ee it waa over 2000 I.v. 
daily. Caleium and vltuinin-l> intakce of tbi. 'order 
"tf'st.mkc it probable that there was alimentary over-absorp¬ 
tion of calcium, which could well tie the basis of tho 
eyudromo. In artificially fed infant*. 30-50% of ingested 
oalciuin la aaid to be retained (Kliot and Park 1950). 
Several four-day calcium balance experiments in thia 
eerie* have had to be abandoned or the result* discarded 
because of vomiting, and satisfactory balances have been 
earned out ou 3 infant*. 2, fed on diet* high in caleiuin 
(aucli a* they wero accustomed to receive before adinia- 
aion) and without added vitamin D, showed retention of 
57% and 00-7%. A further Infant, fed on vitamin-1), 
'fortified milk with a high total calcium-rontciit had a 
retention of 41-5%. Thcso experiment., again, were not 
made in thoearly *tagcs of tbe di-.-ase. Wc think that they 
Indicate retention of calcium at tho upper limit of normal. 

If hypercalcemia can be caused by *ueh overabsorp¬ 
tion, most if not all of tho other findings can be rati*, 
factorily explained. .Anorexia, vomiting, constipation, 
muscular weakness, and liypotonlrily are all probably 
related in aoine part to tlm by p.-rciib.c-iiiia per sc. 1/ui 
9f weight and failure o( linear growth could result ftom 
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" Mt ^ llon - Impairment of renal function wfll 
r!Zy^ e ^ • l,U *>ypcrcalciuH« if prv\e™ 
lubular calcification may bo sufficient to giro rise to 
pyuria anti may predispose to tho mild urinary infection 
so commonly found. Polyuria and tiiir.t aro presumably 

dimidfuo*c'an'k J!*" 1 * W l ,oinU ‘ l ®»*t Hint sulpha* 
djmidtuo can adversely lullw„cc real funetioo in these 

f„ ,L . ,Uth “ 1Crn, .’>- “ r 'o'i*tiy condemned ClraugH 
‘l 1 *, P ,a " n " J ,r » lc, "» • "™y bo compensatory and 
oaWum 1 H a i rd< < th ° . carr,a «° the increased scrum- 
“ deneo c/1, l0 , r ? arJ ll»o electrophoretio 
c,l5cJ «» K , obu!in a* analogous to tbo 
\ 'i° • # i; pcr earr i:*"!f P ro,c "‘ ca.nilopl.uimn in 

dc ^"V rat,0, ‘ (ilolinberf and Laurell 
in 1,1 V globnlm concentration miry 

bo the result of iutercurronl infection. Tiro relatively 

* La "" c ‘ •»*, "• hav «> noted in tbo long bones 
LTm'i* 4 ' K ‘ c ,7 lo eclated to inlerfcrenco with 

^ tli V th ,, ^‘ crcalca,1 ' ia ““1 inercaao 

in ino cnlrititn-pbojplioriM product** (Crvcrv 10 A 3 

WropML! 3 £u.^ 0 | j ,, '‘ C r a,C ' ,; " ,i * —‘«&-„d”u 

mlv .iff , ,al ac,d ®* M . *• al PfCSCl.t uucxj.laincd : it 
tnny arise in a way similar to that suggested al*ove or 

Uie’b^ood. F * °* C ^ 10 chnn « 0 * I" ‘I* 0 acid basc balauco of 
jJ^prevent this condition it would «rem that ho 
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T* T — nr i I —■ ■■ l"* 1 1 * 1 ’LL12 1'''< 0 iir j ffo 

yK»mirnj r ^ V.rnmin I t r-i.-, -iaTl\^T^: 

gnCrnT Toani.-j“dried „, 7IU .•.mirLu J-T Z,-^rrrrrr 


r I . ” • u UIU I » rninu ami nl ,. | M „„„ 

Xjratmn.il lltci.ipy should iiiclndo a diet low in calcium 

suomI'imI t r omv,,ft,n,n D - »ucli as has recently been 
auggcHlcd by Ferguson and .McGowan (1054). From 

r.l f 'T'nV*" 11 ” 1 M >' Jtnnl,tl y bow long this 
treatment should bo continued, but we think that it is 

IT 1 v,lu « to tide tho infant over the acute stage of 

normaWr "i" - * ? ’’ C follo " c d by a gradual return to 

Reding without cxccsivo milk and with no 

werhaM ii" 1 “ D ‘t . Tll ° , rc,ulU ® f »uch treatment may 
perhaps bo regarded with somo scepticism iu the light 

anticipated" taWe#,M rccovcr J f "biclr can confidently bo 

b.vo°J'r!"“ liat0 > ,r 1 (, C no,i 1 * I* good, and all our infanta 
*° f - * U ? , .\ cd - A ,0 “K follow-up will be needed 
in itZT 0 "bother renal function remains unimpaired 
to n ^ ^ lh ® blood-urea it still raised. aud 

to sea w bother normal ataturo is always attained. 

Summary 

Tha clinical, chemical, and radiological features of 16 
to*thrtre.^ar (Tde ^ribed^ 1 Cx 111 ‘ a ® f ‘“fanU, with faduro 
Thoonlv_cj,., .uUii.dngical faetnr U‘ . 1 . 1 ^. ..l.i„ lja 

-toc.3 1 veil 1, n ...r,r« 

Sliyr. sibtli vTlaiiu . TiTT^ tln" diet. rB ‘ 

'"ovhaiiHiu of pro.iuetion of ll.Jlyudroino, 
euJird T*. °T cr abHOr l'«'on of calcium, is dit- 

outhue'd T , ° I ° laV " 1 lrcnl, “ fDt - »“ d prognosis ara 
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IDIOl’ATfllC HYPERCALCAEMIA IN AN INFANT 

CLINICAL AND POST-MORTEM FINDINGS IN ONE CASE 


I. M. P. DAWSON. W. 1. CUAIO and p. J. C PERERA 

nmm *r JVparamwu pf Pariah *f and of rtSa„wt W ChtU //rwM, On (Mwrsfty afUt* 

(srctrvro m pi iucahon ium II, 1954) 

Isliupaihic bypercalcaemle lyndromes In infancy 
arc now well MnpiM clinically (Ughlwood. IIMi 
and b; Payne, 1952; Fanconi, Gir.srdct, Schlcsincrr, 
lluller and Black, 1952; Creery, 195); Lighlwood 
and Stapleton, 195); Lowe, llemlenon, Paik and 
MeC.rcal, 1954; Creery and Neill, 1954, and Ihr 
Imrri, leading article July 17, 19541. Tticy are, in 
our opinion, trparatc from infantile renal acidosis, 
and Lightwood and Slanklon divide them into Lvo 
rroupt. Tlw classification it accepted by Lowe tl »/. 

In one group tlve course it transient and bemrn. 

1 here arc no aignificani bony changes, no card ac 
murmurt and probably no li>i>er(ention. tin 
iccosety Hie intelligence it normal. In tire teen id 
f roup the course it prolonged and teverc. Tlv re . 
are bony changes resembling osteopetrosis, a fond 
tetlolic bruit, hypertension, often liyperchotevlci.il- 
aemia, a characteristic facies and impaired mental 
development. In the papers mentioned abosc there 
is one recorded histological report of a renal biorsy 
In a cate which had run a prolonged and severe 
course (Lowe n a/.). In a preliminary communisa- 
lion concerning a similar case (Dawson and Craig, 

19541 we had previously tentatively suggested a 
rrimary renal origin for the condition. This view 
h.it had to be modified at a result of further study. 

Iiceaine necropsy and histological reports on thesa 
conditions are rata we think it worth while to 
pictenl the findings in a tingle case 

Caw Report 

Paid D.. a boy, was the fust child of licahtiy, unreined 
parents. A maternal cousin of the mother had a 
deformity of the feel. Otherwise there Kit no known 
developments! anomalies hi the family. Delivery waa 
normal and hirth weight J_lb 14 ri. Proems in the 
rsrly months Vis uliVacisuy although h was noted that 
fiom the age of ) weeks tin baby was unusually quo. 

Inclined to sleep loo much and rather unresponsive to 
attention Me was first referred to hospital when 2) 
weeksnhton’vsjntinfoTamnesia ndil pvrsislent vnnuiTu’g 
fuTTKrre weeks. Onciam.niuon the infanl'wu'unable to 


hoU Ms head up. Them waa g enrral ta ad hyp sn ala, 
grow p taamcep haly and asymm etry, wf. tha Vaet and 
tboras. riftirsT. Canco vsIgas. a large umbilical hernia, 
hyneriensiOn aniPj RHfjTsystotid 'murmur audible over 
Hie entire chest (Fjp.liZTTI>|Xsrili.K' murmur had HI 
barn pnrsenl when the baby wit f hiwau ghly raammcsi'ea 
two occauom during the neonatal period. ” 

Hit weig ht sho wed an 
•• Irregular, but..piogrts- 
ii.vt decline. LLiU. 

( tspUmed pefle vts_ ml 

' Pi"cue aciuirtd_ at 
bicc"lsr Intervals. *nd_ 
> the Child ’ died . urn. 

, opec iptly, .during One 
I qf.ihcnsAL.dse age of 
) 47 weeks. Apathy and 

i liulcssnett, task of 
emotional response, 
reluctance to feed and 
c onstitution were con- 
j tram features in hoa- 


; L ^ r "l L Siam icaiufct hi hos- 

‘.j i pital. The abnormal 

\ . • ,[ • *! behaviour pattern tug- 

/. 1 tested that mental pro- 

/• ,J fress might be impaired. 

/ V y , / | Dogmatic conclusions 

/ \ i ! were not Justified, how. 

f / r i aver. In view of lha 

(II: . child's age, of tha 

\ t f aaaociated physical 

1 ] V-.j weakness, and of lha 

gw. t. .paui d>. me It warns ,<ct that impaired hear. 
Naas da b>M aad a,swat aanw- mg was suspected by 

•wr- several independent 

obaervtrv 

Tlw baby was frd wtwly at the breast until lha agt 
of ) mom ha when a c hangs was mads to a full cream 
dried tow's milk preiaralMMCaAsTaheis forthelWiTTime 
tff»i7ri fi.ilt»riuahre juice'd tea spoonful) and pure cod 
liver oil" i S dromi wcie’givcn'daily.’' Medicaments given 
to the child comluciTof sistccthing powders (each con¬ 
taining J gram of calomel) in the tialh month of life; 
and from lha aga of I) to U week I milk of magnesia 
(i leaspoonful) on alicmaia days, and K grtiflTbrsoda 
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nrighhnitrhnnj of l^rTWW^r^*!??* ,h * 
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Necroptjr oas performed II houn after in.i — 
tody »as that o t a »attcU male cfcild. Mitki a’.nT^* 
OOlb.<or )and hci|M «)cm. (231 in ) ThfunL^JOi 
W mciior lewH had erupted. ThTr^J^J^^ 
atjrmmelry «n not to noiicraMc as In hf«. ltx>ncK 
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Itdnry ven aha (iced la mid acetone MMl hi 

•"eh.ng piMM wai for phmphetiv -- Trt| , 

"•••*■ -at decalcified m »\ formic acid. 

»• a mulmylm and mm vctc uvd far rename mining, 
addnirm ali/ann red. purpurinnnd tanthnpurpuem 
t> •••••.. Viai Kmva’i method, and the gatlammc method ef 
n«l -ilf* 4 ” r ° , “ ICMJ *'' frrro-cyanidt 

n«.r K f" r I?* ""•Hwr "*0 hod of Prar M 

"' 4cM<x ' v *-‘ h *"'‘“l«a for alkaline 
phmphaiav; and ll* pertodv-aetd-Sehiff Mam. me,, 
Mallory Mam. and clatlm Main of Wc.grrt for (cncral 
renal pjtlmlngy. Smlan IV and Sudan Mack D mere 
uaol a« fjl Mama on frn/cn venom 

Tlv thyroid y'and »>l aerially blocked la a farther 
wnaucicuful March for parathyroid Inwe. 

Kidory. Ohmendi an pnvnt ia normal aumherv 
an.j about 40 /. arc normal hmol.^icaHy, In the rcmna. 
<"t; Jh.< »« principal abnormality o the depommo of 
hyalmr matmal m rlomcrular lufta. m .ont Miunons 
uittuvly thioogho.il Ilvlifi.“and in olhert localized le 
one or more kibukt (Fig. 4). Certain lufll hare been 
alniott completely replaced by hyaline material. Although 
tome hyaline ehanyc may normally be teen m ktdrvyt at 
init ace. thrv finding* »ere conudercd to be eimine 
fheauoo.il epdlvlial creventt derived from ihe paneiai 
layer of lloonun't capaule are prcMnl (Fig. }). There 
« no glnnviular calc deal ion. 

While mmc cnnvotuicd luhulet 
ahow Mvere ehangci. and it 


•eapbatary Sytirm. Thera an an infeel ion of th. 
«Wdk cart or lomih. The trachea and main bronchi 
acre normal. Then ana patchy beoochopneumonic 
epmotnlaiion of both loner lobea, nuh moderate con- 
reMioa of the net of the Jungt, but no evidence of 
.cakifvMiaa. 


an normal, mhrea 

s "™- ■“*>• “““i — I™--— 

2 ass —-v asss-rasiss ftrrvgja- 

,'u a - * 1 " "“M 41 name. »nh the perm.lv'.ae«l. 
a ~—a— a— «• ^ _ o SCHifT |r.A>.) HHiKcvl nr *»<h ; ny of tltc mcilw%h fnr* 

!"2 "• ••eeXthnr-a^pr^;,^ 

.V. "”*? _ ,h " "«•«" rjflnniwv Main fur calcium fFut. »| hut die* md give a 

pmdivc Main fur inm. In eetiatn aituatiom ihe cpi. 
Ihcliiim of tlv tubule* » drdTo)e.l'»liild ln~Sfhrm Liyer 
of K funeralrng'cpnhelium eclcmh over Ihe hyaline 
CJMI (I ig. *|. Catcifvd niatcual hat hern citiudcd mto 
Ih* inteiMitial tyurf of the crnin r from tie dotal 
luhilV, (r. r .v 4 and 10). A fibrou. reaction hat been' 
aitmulaitd in toev tnuauont. and in the nvdultary (hut 
not in Hv conical) tticuet t* actocialed nnh oecauonal 
giant Cell*. Theie are no chrome inflammatory celt* 

1 he loop, nf I lenlc arc eomprrtvd by a moderate mice- 
**‘.11**. ^ * r * WH Mhrn»iK greatly aiicrrU 

A few tm.dj coMccinmm of lymphocyte* an found beneath 
in* renal capuilc. There arc no inflammatory ehangci 
In Ihe renal pelvic. Kenal anenec and ancriotc* are 
Poemal. Venom Mamed foe alkaline photphatav them, 
no conMant rclatwmhip betunn met of photphataM 
activity and calcium dc pout ion. 

The calcified material in the tubulei Malm beet with 
gallammc; naming vith von Kotui method « mcon- 
upper Manl, and ttaint lor iron an abq negative. On the other 
hand material vhvh hu been depot,ted in ihe inter, 
auttal lutuca of cortca at medulla Uaira readily vuh 


Ihvkenrd to the naked eye. and the tome jav, vhvh vat 
removed, appeared normal. The thafi of the rirht lemur 
ihrmrd_, | cfmuc_thickeninf of The denv corneal - (Tme 
No other abnormalttv* uen*tnn~n*Ote'oll*r^v* 
tiandn e d. 

If Hl afogy 

Material and Mrttmdv Material via liken front the 
heart, aorta, lotuil. lung. Momach, inieMmc, line, 
pancreat. tpleen. kidney, MM*. tupeirrnal, thyroid 
parathyroid. Ihymm. pituitary, beam, tptnal coed, upper 
and bvvee Jaw. bate of tkull. femue. nbi and voluntary 
muack. It wi hied ia lOJi formol aaltna. blocka of 
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,m «***U-M —UUm M Mm 

mjljj (HiwMmii* m 4 —ri^t ■ juj 

m "1” “* meihoda for 

b* oblalKd Lh A L?° ' ,m * *° U,J My XaiiMng 

pneumonic prom 
igundjal^ilropjn.. ninth arc almoarartainly-jolu^ 


»o>'.. • •- - c< i •<, **•„» 

J C*llb| toWll Ifnahia uUm 4- Mt i t a_ M 

••*»** (Start's - H aw.— Hitai ■ MO.) 

•2iS* Thet« la aojalalWaiion pmcni in any of ilia 
icciiom cmwnx^ , . . 

Skeletal Tiuua*. Femoral and tlbial cpipiiyics and 

£!“! ? JllS" * p, 1 "° rm * 1 *itafi orTtvTf,^, 

^ e nyxler,!, locreaM in bony thickncu -hen 
eomperad mih an infani at Ida aama a pa grow, but LSa 
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archives of disease in childhood 


*on* liruclurc H nor mil Sectleni from the hue .k. _ 

»ku« wicecti tom* thickening but agam thow norm*! ihvr^Ti'^* i, *V " 0 • m * B ***» * P*m- 

brwe ilractun. * M " 00 "“ "''«**»« * compkiely normal «, uct.ee. Th. 

mc^imd'normiT SXZtTS ,* 

«* - ,h *«"« ***"*«*" “* < ' oph "'° b “ op ' ,J 
--— ip. irtnf IJf. . Tht rtmtm.ni i.uuct cumincd in normtl. Then 













CAF.UIA IN AN INFANT 4 «| 

INvmUim 

IMkr, Wrium ami la/hcr (19)4) dncr.hcA renal 
»"•* hypcrcalcaetma ami khIoui. 
They u« cAium dcpmiu between I he havmcnt 
nxmluanc and epithelial.cell* of collecting tuhule*. 
• few depowt in prntimal lubulci. tie central mn of 
tubular rprtficlium and calcined dcpout* turroumied 
by fibrnnt and rum cell inffltraiion around affected 
•nholM. Their (am appear IO belong Clinically 
«o the renal acidmh (roup or pocuMy 10 I ha 


i «"»ani, toniolario, Coombt, 

Sn'kowiich and Talbott (1940) and Albriglu, 
nurncll. Par ton. Rcifenttein and Root (1944) 


\ 






*** 4 KCUIVES OF DISEASI. IN CHILDHOOD 

*Uth*t* ' h * ic, * y ' '****«•»* 'ml ‘'“chemically MhlHotic.; 

I. «• * dtll'M) Oner** the re*uh. of renal 

^TpL d 'ivTZU!^!«"* •-' **»*?*•<«« 

raw IJ. Iherr finding* rrvmihle llwnc in our liiMulurical (lun ff , 

!* '!* Them *« ,» «3L* 


llotutogiea: fimlinr* In tha kidney. mctuM 
drrmHiim nf calcium in and around dnial and 
CtHkvtmg li.lmic*. vacuotalion at proaitwal tuOwt, 
jriu aml hyaline glomerular chant**. Ahnnrnw,, 
I..M.d. T «l change* u« th« hone* were nn. *^. 
I l»cne oat ho cviUmrt of mctatfaiic cakrfcatmn. 
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*>»««*. but dnrer in ,h* P,^ ul»TZZ A„ unr*.^ 'IT,'*™ * •***-. 

"’'r? n ~ 1m ‘ v ~~> fak,tM " **"*•«• ih. '*1 
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• of many abnormal glomeruli. |i cannot he claimed 
lint hrUoloficj! tirnlm have a* yet provided con- 
elinhe pmiihc evidence concerning die aetiology of 
tiimtviihir lijpcicalcaenua in infancy. Incrcavcd 
alimentary ahvorpumv nf calcium mud he accepted 
a\ a pmuHc evplanalinn. If I hi* he llie caplanaiHin 
ll-e fart* concerning our ca*c lend no luppori «, the 
view that trmiiixiiy to vitamin l> nuy hate heen a 
conl filntlory fxtor. r*ccuic« inlal.e of alkali* ha* 
heen Miggreicd a* having a bearinp on aetiology. 
The chiM, llte *uhp‘ci of thi, paper. dK | r^eive 
a'kah* m concHlrrahJc amount* Nil not until 
(ymptoni* had alieady become evablhhed. Alkali* 
may hate had an aggravating effect but cannot lx 
retarded a* Hating any aeliolocieal tignificance. 
Abnormal ImlnJopcal chance* in bone and meta- 
llati# calcification were found in a cite revemblmg 
that of Paul l». in other mpccli (Itaar, 1954). 
The line net of tuch finding* in the prevent cat* 
cannot be captained. 


A cate of idiopathic hypercalcaemia of a lever* 
and prolonged type in a boy wat ttudied clinically 
and at necropty. 

Omical and Mnchemical finding* included faitura 
to thrive, lauilndc. reneralired hypolnnia. Irregular 
pyretia, hyperlcnuon with a pronounced cardiac 
murmur, cranio-facial atymmetry and eaccative 
Irregular depoviuon of bone. Serum calcium, blood 
cholealcrol and blood urea level* were ratted, and 
Iheie wti evidence of renal impairment. 


Renal Change* are regarded a* iccorvdarv %m\ 
hyrvicaicacniij. which it i* *aiggcttcd may hovel 
revultcd from caoruivo abiorpoon of calcium by ' 
the alimentary tract. « 
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... Vitamin D Intoxication 


Nr.AL II.MINKS, M.D., SritINCFIKI.D 

'TMIK toxicity of vitamin 1), if given in atif- 
fici-ml dosage for ii long enough period of 
I line, is well ducunu.‘nled, ,,,al It is regrettable 
that this danger is not universally appreciated 
hp physicians mid dial it is nhiuul unknown to 
t!w laity. Nevertheless, the lny public is aide to 
ohlain priahiets ronliiiiiiug large amounts of vi-• 
ttimin M on nijneat. Vituiuin I), in cnnjunetinn 
with raid mu, has lieen advised for various nr* 
ihritides in mcdir.tt literature in the past 4 and 
even more currently in syndieah>d health <fIl¬ 
linois. 

A 07 year old while limn was ndmitted to the 
hospital on February 12, 1950, for left inguinal 
herniorrhaphy. limit i no admission laboratory 
studies revealed a henioglohiii of 0.1 grams |ier 
rent amt erythrocytes, 3,MW,000. Urinalysis was 
in-gat ive. 

lie had Imvii t realist for duodena! iileer in 
Itili!. Symptom* disnppeared and he had little 
or no Iroidile with gust ruin lest inn I symptoms 
rflerwaiii until May, 1952. Tlicn epigastric dis¬ 
tress reeorred and laithrrcd him frei|ni-nlly. lie 
l«sit large i|'iant : ties of milk (.ml nlninintini hy¬ 
droxide gel. On Xovemls.r II. 1952, subtotal 
gaslrii- rests lion was |M'rfnrmed for massive gas* 
(roinleslinal hemorrhage. A huge lienign gnslrie 
nhs-r was found on the lesser eurvalnre. 

A rigid inguinal herniorrhaphy was jier- 
finiinsl on Jnnuury 10, 1951. Shortly -after (his 
he rouiplaiiu-d of joint pains involving wrists, 


lingers, and ahoUlders. A diagnosis of rheuma¬ 
toid arthritis was Hindu and he was treated with 
AOT1I. Th# early rcsjumso was good, Therapy 
was changed to cortisone bill this was discon¬ 
tinued after a few wisiks '*1kvaii»c of glycosuria." 

From 1951, until (his admission his joint com- 
plaints hml Isvn variable hut almost (suistnut 
itnd deformity hud liceu progressive. '1*1 ic hvt 
and ankles lireamc involved. During 1950, firm 
and non-tender nodules, measuring from 0.5 to 
2.0 centimeters np|**arrd over the extensor siir- 
fui-es of the tea's, fingers, cllanvs, wrists, and 
Achilles' tendons. A few of the nnilules had 
drained s|Miiitaueoiisly, discharging a lliiek milky 
material. Aside from the joint uhmirnialiiies 
physical exnniiunliim was within iioruial limits. 
The hemoghiliin measured 9.1 grams jier isml; 
erythrocytes were 3,500,000; while cell eoiiut, 
R.000 with a normal dilTerential. Wood urea ni- 

■4 

Irogen was 9.1 milligrams jier cent and nrir arid 
•1.00 milligranis per rent. Tlie stiads were nega¬ 
tive for oceull lihawl And eoniplelc ga*lroinles- 
tinal X-ray studies were negative. After niie 
month on ferrous sulfate therapy, hemoglobin 
increased In 11.0 grams jier cent and erythro¬ 
cytes to l.tfiO.000. The stools were negative for 
occult Mood. A left inguinal ■bi-rni.irrlmphv wns 
|s-rfi>ruicd and followed by an nurtriitful r>- 
invcrv. 

On Jun** 0, 1950, I lie paticiil was nudiniltcd 
on tbe urologie service in • semi-s(ii|»ormi* slate. 
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il,< tiff *-;tM In* li.nl 1*11*11 bothered Ii) urinary 

... ih»*I imn tuiii fur Imo year* mill that 

\‘nr ||h* jiaM ilirn* months thorn Imil I«vm it grad- 
ii.il tuelcu-o in lethargy. More luridly In* ap¬ 
peared iiiiii'iiMil. Ihirin;: llm few day* prior In 
admission In* slept fur long |K*rio«lif. The timl- 
i.;*.i*t full ml mi evidence of urinary true l dis- 
..Hi.r mill tin* patient Mint transferred In lI n* 

* iiNilitnl serrirv. 

Kveept f**r moderate pallor, (1u* mo'ules on (lie 
extremities were iIm* only remarkable physical 
j*l>iM»ltllii III i«*^. Neurological fMiiniii.il inn re¬ 
vealed nothing unusual. The hlooi! pressure u;>* 

I ll»/}n. Tfiii]N‘ruliirc* mom 98.1 degrees; pulse, 
Kn. I nil iitl mul Milis4i|iit*nl l.'iUiralnry values are 
piesriited in Tiihlf 1. An eleelroeardingraui tnk- 
oil nu February .1, 1 ?•.*»<», showed sinus l.n-hyear- 
ili.1 «if It it rulf nf 110; otherwise Hr* treeing m'iim 
miiI nn normal limit*. Tlw (J-T segment nieas- 
^ tired 0.51 second*. An rli‘f(rnfiirilin;;iiiiii of .Ituu: 
15, 1958, shown! a Mini* rhythm of DO, (J-T 
segment O.VS seconds, low voltage of nil l»S 
segioetils mul loir T-l. On .Ituu*. lli, J95(i, (In* 
«|iiiiititiitivit £ Munir urinnry excretion of .cal;, 
jrjutn.un* 5*8.1 milligram*. Calcium intake. hml 
l«i*ti liniiliil (o ir.O milligram* ihiily. 

Km liter exploration of (lie patient's history 
tiitli hi* m iti* brought mil that. lie h ml lieen Ink* 
in;* vilniiiin O mni calcium on the advice of mi 
nrtfiritic frieml. She thought lie had been iisiii" 

• hi* ineilii'iilion for thru* month* or longer. The 
iiiltik** nf calcimn consisted of one ijinirt. of milk 
mnMv pram* of calcium laetnte daily. The daily 
intake of tii.tmiii 0 «n< .‘lOO.OdO units. Kuciilgcn 
<xn mi nut ion of the clovt mul bone* showed no 
Abnormality oilier Ilian scattered ciilciliciition* 
in the lefl M|i|N*r ulxlominal i|iiailrnnt. These enl- 
eifiiiitioiiat Mere not in the kidney. 

Treatment consisted of parenteral lluid*. till** 
feeding* nf luM' euleiuni content, and whole lilnod 
Iransfiisioi's to n total of -1,000 if. Intake was 
|Nilterncd to the laboratory value* and In the 
daily urine out|iul, which varied front 1,200 to 
1,800 ec. Over a j>criod of (wo_and oiie hnlf 
wii ks the ]>nlieiil imi*rovcd gradually; *hi|ior 
mo* less cniis|»ictiQU* mid he took a roft low cnl- 
riiim diet of approximately 1,500 calorics. On 
.lime 2G, 195(5, the tip of the spleen was palpable 
fm the first time. On duly ), 1950, he ap|s*ared 
more stuporous than he had lieen and the urine 
Jsimyie dart: brown. On July 2, 19515, he war 

\»t fl. ialtr, toil 


iyteii**. Mo Isiinm* .maiinluro ami nwrij ibvply 
j:inm!i<ii| and nn .Inly 1, 1950, lie expired. I'er- ^ 
mi-simi fur mttnp.y Mas refused. 

\.. # COMMENT 

I’lnliiie to otitaii^anlnpsy jM-rriiissiuu prevents y* 

exeln-imi nf primary hy;«*r|urathyroidis|n_a*.a..^’ 
diagnostic jNissil.ilit.y,NTIur evidence *tip|sirl* a # ' 
diagnosis of hyperviliHiiinosis.j). /\ pad history 
of peptic ulcer mid (lie existence over a period 
of time of moderate anemia arc suggestive of 
primary hyjK*rparatliyrnidisin. 

The nhsemv of intestinal complaints after par¬ 
tial gastrectomy is not in jieeord Midi most re- 
(inrts.oir peptic uhvr surgery that is a*>ociab.<t .* 
M'iili hy|M*iparalliyrnidisin.* ( 111(110111 ct nl 11 first 
ealleit attention to ga*lrointcsliiml symptoms in 
primary liy|K*rparatliyruidism. A later i-ompre- 
hensivc aludy of hyiierparathyroidisin by I'dnck' 
claritied the upper intestinal symptomatology of 
this ci* nl it ion. I'.laek found eliiiicn! evidence of 
peptic ulcer ill 21 ]K*r cent of patients with hy- 
ja*rpi rathyroidisin and ulu r-likc sym; tomx in 
15 In 20 jier cent more. In the jintiem ;ep.tried 
here, the ktiiiii plmiphnnis and alkaline, jdms- 
phalase values and the absence of skeletal 
cluinjsi*>t** ,# are of little help In differentiation. 
I'hosphnla-e and skeletal change* Mould lie nn-' 
ex]sxl«:d in a path ill of this rorl viitlt a lifgli* 
cnleimn Snluke. 

Dilfereiitintioii ItetMeen liy|*erparathymhlism 
and the Hurnetl Milk-Alkali-Symlromc often Is 
dilfieult and even iiii|K>ssihtu clinieally.** 1 * In 
this ea<c Milk-Alkali-Syndrome is not a ding- 
iMVstie problem liecausc at no lime was (here 
a history nf ingestion of large amount* of »!*- 
writable alkali. Kulherniorc, the marked Aci¬ 
dosis and liypcrcalciiiria eliminate it from fur¬ 
ther consideration. 

The antirachitic effect of vitamin I) was 
established by McCollum in 1922* when he H*p- 
nrnlojl this fraction from the vitamin A of cod 
liver oil. Tin; ramc jirujicrlic** were found later 
in ultraviolet irradiated crgoslerol. Suhs«i|ueiit 
purifieation resulted in vilniiiin 1>*, or calcif¬ 
erol. If an adeipintc dietary intake of calcium 
and phosphorus is provided, vitamin l> has a 
curative effect on rickets and osteomalacia, Wh 
of uhicli develop a* a /niliiro of ossification of 
osteoid. Vilniiiin 1) exerts iU influence by in¬ 
creasing the absorption of (nlriiim from (he 
upper intestinal (rad. 'ilierc is a resultant ah- 
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sorption of phosphorus lower in the small in- 
teatiue." A les-er iiifltionc«t of vitamin ]) in Hint 
of ilicn-axing llio rennl excretion of phosphorus 
by decreasing its rcnh>orptiou in (lie tubules. A 
daily iiilnkt* of -100 units of vitamin J) is more 
Jil'iiii rnleijimlc in normal infanta inn) mlnila.** 
Tim administration of vitamin 1> is followed l.y 
an early rise in the serum calcium and phos¬ 
phorus. latter there (a inhibition of the para¬ 
thyroid glands, with u decrease in the renal 
phosphorus excretion. In n normnl ]tur.sou on a 
diet limited to IfiO milligram* of ealcimn in 21 
hour* there is on excretion of )(>0 to 200 milli¬ 
grams in the urine in 21 hour* and .100 to -100 
milligrams in the xlool. An increase in the die¬ 
tary calcium is relleclod mainly as Increased ex- 
ire!ion in the stool. 

Vlie ihyree yJMjoxjeity of vitamin It is vari- 
Jihh*. The slim tot time re]N>rled is 12 days'* at 
* do-ago of 7,'*0,000 units a day. Most reports 
in tin: litcrutun; ilmw un intake over a jieriod of 
mouths or yenrs. 'J'hc toxicity of vitamin 1> is 
<-oie.idcrr.hly iiicrcU'Cil in proportion to calcium 
Intake. )u the ease presented here tlm period 
over which cxcessivo doses of vitamin h nro 
known to have Uvii taken, is shorter than must, 


Imt U <|ui(o nuniciciit /or an advanced stale of 
intoxicAtion. 

'J'lio admitting picture in this patient was 
considered as duo to hypercalcemia of vitamin 
JJ intoxication. Cl<aplin ct •I." huvu descriUst 
Hiese symptoms ns weakness and fatigue with 
weight loss, nausea, vomiting, crnni]is, diarrhea, 
.headache, paresthesias, vertigo, meiitul depres¬ 
sion, urinary frequency, nocturia, nud nhitornial 
calcifications. Schaifinnii lin'd J'rojip' 4 stressed 
tho importance of norniocytic, normochromic 
uneiiiia in these patients. They were of the opin¬ 
ion that the anemia is due to axoli-mia. This, 
however, is n matter of conjecture, particularly 
in view of the rcjairtcd response of the anemia 
to iron therapy.’ Kxleiisivc neoplastic meta-dase* 
to Isme is eliminated by virtue of their failure 
to appear on nn X-rny survey. 

The np|*enrnnee of jainidiee and the rapid 
downhill course in tho j»ast few duys of this 
]iu(iciil's life are ojam to ipicsliun. Terminal fut- 
iiiiiintiug hepatitis seems likely, although thrum- 
l*osis of the porlul und splenic veins deserves 
consideration. 

Although adeipnitc and repeated warnings of 
the danger of the U! advised u>c of vitamin 1> 
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Imvc «|i|icnnil in the literature for nlmod 30 
years, (his funlinuc* lo !*c a real and probably 
not rare problem. ]t it wise (o impure in ilclail 
about (Iio nmli< ations patients arc taking. An 
innnmms history of Inking "vitamin pills’’ may 
have considerable signifienneo. 

SUMMAKY 

A fatal enro is prescnlcil involving ilus in- 
gr»lion of large amount* of vilnmin J) in ns- 
m-ialion with a high inljiko of calcium. 1’osl- 
tnmlcm oniinin.ilion could not be made. The 
^linind evidence, however, points most strongly 
lo viUlilin 1) intoxication as the cause of death.' 
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IDIOPATHIC HYPERCALCEMIA OF INFANCY. WITH FAILURE TO THRIVE* 
. Kcpoit of Three Cases, with a Consideration of the Possible Etiology 
Alfred M. Bonciovann,, M.D.,t Walter It Kremlein, M.D..I an.. Ir.s T. Jone., M.D.| 

PHILADELPHIA * 


npHE syndrome of “idiopathic liy|Ki<.alccmia of in- 
* fancy, with failure to tlirive" ha* been rt|>oricc] 
with lot no frequency in the United Kingdom during 
the past few years. It apjicars to Ik; relatively uncom¬ 
mon in North America, only 2 cases having been re¬ 
corded in some detail 1 -* and 2 other* briefly noted.' 
The reasons for this discrepancy in incidence among 
two populations, similar in many ways, arc not under¬ 
stood. 

Three infants with this condition, which was severe 
m I and mild in 2, have been olnervcd at the Chil¬ 
dren s Hospital of Philadelphia within a period of two 
years. This communication is presented to focus at¬ 
tention on this disorder of infancy, lest it be more 
common, but unrecognized, in the United States, and 
to relate the observations concerning these 3 eases to 
the published reports from England, with particular 
consideration of the possible etiology. 

Case Reports 

Cass I. K.5., an ll-month-oM female infant, was first 
wen for the diagnosis and treatment of “dwarfism" ami 
poor weigh! gain (Fig. 1). She had weighed 2.3 kg. (3 
pounds, t ounce) at birth and had not been fed at the 
breast. The estimated daily intake of vitamin D before the 
initial examination was MOO international units daily. She 
romiitently refused solid foods ami had a poor appetite. She 
famed wei S ht and grew satisfactorily until 3 or 4 months of 
age. after whtrh she failed to thrive (Fig. 2). 

Physical examination revealed a malnourished infant who 
was irritable and possessed a peculiar elflike facies, with 
■parse hair on the head. There were prominent cpieanthic 
JoUls, as well as an overhanging u|i|»er lip. and the bridge 
of the note ap|icared to be underdeveloped for the age, at 
did the mandible. There were no teeth. There was a par¬ 
adoxical combination of apparent disinterest in her environ, 
men! with a rather alert countenance, as well as a degree 
" muscular activity that was greater than would be ex- 

*'7*"J^ Kndnertas DMhm, Ckila.'.'i IUumsI ml n>,lv<trt«kM, 

®< Irrfulnri, Utim..1. »l t*nHsyt^aau Ssl.oul ml 

Ww>>ir4 I n • fttM-im-mld hmmm ikr Aawrinn Cmmrr, Sm,rn,, 

Ci-M A-CIV icj) liiim (It Naiinaal lauiMt ml Aiikruls .~1 ll.u- 
1 •> Iteslsk, U-u. Suw llcDtk 

fin** •* pmlwnici. Uniwnisy ml vi^i' 

IWual pnlmi ml nrUunio. U..w.».i, M tV.-rl.,,..* UM ml 


*• *'**“*»• lW«is» ml IrM 


peeled in the face of a generalised moderate hypotonia. 
She could support her head and was al.le, with some rlif- 
nrulty, to til and to |miII hrnelf in a standing position. She 
had gem-rah/ed pruritus and was rovered with scratch marks. 
She weighed 5 kg (II pounds) and was 61 rrn. tall; the 
up|ier-lo tower-hody ratio was 1.35, and the circumference 
of the heat! was 41 cm., that of the chest 35 cm., and that 
of tnc alxlornfn 30 cm. A bud lytiolic murmur wai audible 
over the entire prreoritium and was transmitted to the left 
posterior aspect of the thorax. 

The Mood presturfewas 130/90. 

f-kaminaiion of the hluod showed a red-cell count of 
2,270,0fX), with a hemoglobin of 7.4 gm. per 100 ml., and a 
white-cell count of 9450, with 49 per rent neutrophils 23 
per rent lymphocytes, 6 per rent monocytes and 2 per cent 
eosinophils. Urinalysis revealed a specific gravity of 1.010, 
a pll of 7.0 and a liaee of albumin and a + I test for 
acetone; the sediment eom.iined 4 or 5 while cells per high- 
power field. A culture of a specimen of urine obtained by 
eallieirriuliop indicated the presence of F.uhtiithia toll and 
Prolem vulgotii. The rhcmiral examinations of the serum 
are shuwn in Table I. 

Trypsin was present in the stool. Subdural taps were neg. 
ative. Radiologic examination of the long bones revealed 
an almormal density throughout, whiih was especially 
marked in the rones of provisional calcification, resembling 
osteoiiclrosis (Fig. 3), and increased density at the base of 
the skull (Fig. 4). An inlravrnous pyclogram showed poor 
tfyr concentration hut the silhouette was ndespiate to rule out 
any abnormality; there was stippling in both renal shadows 
suggestive of renal calcinosis. 

All supplemental vitamin D was discontinued, and feed¬ 
ing with unfortified whole cow's milk containing Karo syrup 
was instituted. The infant was then discharged on 500 mg. 
of chloramphenicol daily. 

At 12 months of age tlxi serum calcium rose to 15.0 mg., 
and the nonprotcin nitrogen to 108 mg. |»er 100 ml. Treat- 
ment with 20 mg. of cortisone acetate daily, in divided dotes 
by mouth, w.it instituted. 

At IS months of age, the weight had risen to 5.5 kg. (12 
pounds, 3 ounces), and the patient was 66 rm. tall. The 
scrum calcium was M.O mg., and the nonprotcin nitrogen 
85 mg. per 100 ml 

She weighed 5.8 kg. (12 pounds, 14 ounces) at 16 months 
of age and had progressed more in the previous 8 weeks 
than m any similar period since Hie onset. The cortisone 
treatment had been continued. She was less irritable, and 
the pruritus had diminished. The bloosl pressure was 130/90 
to 100/120. The scrum c;driutn was 9.6 mg. and 11.8 mg. on 
• •“rressive days, and the nonprotcin nitrogen 83 mg. per 
100 ml The serum phosphorus was (.1 mg. per 100 ml. 
Owing to difficulties in obtaining unfortified row's milk, the 
formula was changed to the following: strained beef, 312 
Deatri-Maltose, 71 gm.; olive oil, 100 ml.; and water, 
1000 nil. The dose of cortisone was diminished to 10 mg. 
daily. " 

At 22 months of age, the patient weighed 6.6 kg. (14 
pounds, 8 ounces). The serum calcium was 10.3 mg., and 
the nonprotcin nitrogen 54 mg. per 100 ml. 
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Vwo mouth* lalrr she weighed 7 kg. (15 pound* • 
ounce*) *nd wa* 01 rm. I.itl. Tlie cardiac. murmur pre- 
*«'«*• o* 'he chest revealed * normal cardiac 

sdlsoucttr, ami there h >d Irrcn no other clinical evidence 
pi organic Kean dilate She had become playful and hap. 
|ner (Fig. a) ami spoke thrre or (our word*. Tlie scrum 
IOoT war I0.B mg., and the phosphorus 4.1 mg. per 
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iJ'jkV UT"" °* *** rc *dmittcd |« the hotpiul 

!Tl?B/6f) rd T c * im,na " on TV blood pressure had fallen 
H. wt°•ir • munn “ r The terum bicarbonate 

V* 70 milliequtv. per liter, and the calcium wa* 11.6 mg. 
the Photphorui 3.5 mg., and the cholettcrol 256 mg. Jer 
100 ml. rhere was a total of 20.7 mg. of calcium in*a 2^ 
• ‘P etl,,,c ? — ‘hi. wat determined after II 

!V ! ow \ calc,u " 1 , d,f ' Radiologic examination in¬ 
dicated a diminution of the oMeotclcroi,., with no evidence 

* V.‘ C C-,lr,f "r"° n 01 ' h « ,al * ««*<*• wat again 

*'7 M 8" ,al * u,ure »Vull wat completely 

? 1 9 ./ r U> "' a « e drl "" l ",«d at multiple centcn wat 
V* 7 1r * The patient wat discharged on a smaller 

amd»iotic» 0, "* 0,,e 5 ,n *’ d " r ^’ wi,h com muation «sf the 

At 29 month, of age she wri,hed 7.7 kg. (17 pound.) and 
**' T5 ciu. tall. The blood pressure wat 120/70. There wat 

!/•:::*, r .^rr h " »l»!»«rance, with a tubtidcnce 

•I Uie lacial features noted eailier and an increase in tub- 
culaneuut fat. She wat walking /airly well, but with tup|>ort. 
At JJ months ot age there wat continued iui|>rovrnirnl in her 
Sfffr •ppcarance, but there appeared to be moderate re- 

l . „ "" f , C T ,Ua i drv ‘ l6 l , " , '"« The tenon calcium 

wa* it.} mg., and th* photphorui 5.6 mg. per 100 ml. 


Cast J. IJ., an IB-month-ohl nude infant, wat first .era 
fur ctHitnleralion nf “growth failure.“ An nltlrr female 
ling had always Urn healthy. The patient had I teen l w , 
I month prematurely and weighed 2.2 kg. (4 pounds. It 
ounce.) h„l Appeared healthy, lie wat not fed at th! 
brentt. 1 hr total daily intake of vitamin D wat calculated 
to approximate 2500 mlernalion.il units. Iletwrrn the 
of 4 and U weeks projectile cnietii occurred once a da? 
crating after a lime, but tince then he had gained weicM 
and height poorly, flic parent, iletrrihrd marked polyuria 
and polydipsia, lie had received an unknown dose of drsie 
cated tiiyruul between the age. of 12 to 14 months, wbh 

sias. ,ud aiwa >" ,<: 

Physical examination demonstrated the peculiar elfl.l, 
Oyf. ,r * r7"‘! '"/••***■ * • 'he limilarily wa. at once sink,,,, 
(big. 6). A soft systolic murmur was distinctly audible at 
Ihe apex but wa. not iraiiMiiiltcd. ‘ 
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Fwuat 2. Ptpguu e/ Cut I unto Birth. Showing Growth 
Ppi.nti »i ihi ? mo #/ Onm end Strum Ce/ciem LtotU. 
Tint mint ton,inti of » diet U m in toltium end uiiemia D. 
with certiteae. 

• 

The patient wa, admitted to the hospital at 20 month. 
°f age, when he weighed 7.5 kg. (16 pounds, 9 ounce.) 

^4 cm. tall. The blood pressure was 120/70 Cen- 
eraliied hypotonia was present The laboratory daU arc 
summarised m Table I. The protein-bound iodine was 8 6 
micro,m. per 100 ml. The bone age was 13 months- thm 
were no abnormalities of the long bones or skull, and ealcifi. 
cation in the renal area was not noted. 

. tll!f E Mk , M wa f lIiK . h:,, *« d 7 • low-calcium diet utilising 
wrlVdlsconfinucd.* “ '* A " Vi,ami " D 

Ten week, late, he wa* walking alone, and hi* appetii,. 
had unproved. The terum calcium wa* 12.3 mg. per 100 ml 

inn *i yr *m, “ * Ke ’ ,he 't rM,n »*»i M.9 mg. per 

. "I’ T*icre was marked improvement in muscular 

airengih and apisetue. lie sucighed 7.8 kg. (17 pounds 4 
ounce*) and wa* 73 cm. tall. * ' ^ ' 
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.< ur j, >(Jl„ a IJ/iHiKMiili-old m.ilr iiifanl, wai lint 
trrB | ri]ll v ,4 |wx>r irnwlli. A iimIc lililiii*. •! yuit ol 
SjJ »lw.»>* l** , » ’ll** IMlicnl wrielicil 3.7 k*. (H 

J ouitco) .il delivery. Hr wa« n«f lirr.ut fat. Al 9 
of .'■!«« lie wcixlinl fl.2 k«. (10 pmnuti). lie llirn 
Inanir li«ll<-*», mi III aiuirCkia «l<-vrli«|ir»l, .mil hr p.iiitrd 
xrf f liillr Mrii;lil (lurinc llir Mili^<|iiriil 4 '/> iimmiIIi*. There 
mit no hitlory of e«ee»«ivr Inlakr of vitamin I), ami il was 
miniated that ho rrrritril nl«>ot 1200 international unitt 
itUy. Hr tat alone at fi ntonlht, cr.it*led at 10 miHilht and 
vat able to Hand without tup|Knl at the time of the Itt ex¬ 
amination. 

On ithytiral examination at I3 ‘/i monilii he weighed fl.fi 
kg. (19 iMNindt) and was 73 cm. tall; the rirrmnfrmirr of 
the head wai 48 cm., that of the rhrit 46 cm., and that 
rl ihr altfW-.rn 42 cm. 'Hie faeirt wat vaguely tuggrttive of 
that drtrriliril in Catrt I and 2. Hr wat active in hit erib 
M un.tlili* in ittinr aiutiml In uiiv rslrnl U-nnite of a tilt- 
line! grneialiml hy|M>tonia. The fteart, luugi and abdomen 
trrrr normal. 

F.xaininatiim of thr blood tliowrd a red-cell count of 
3,3)0.000, with a hrmor.lulnn of 13.1 gm. per 100 ml., anil 
a trhitr-rrll fount of 8)00, with 30 per rent ueiitropliilt, 3G 
per rrnt lyiu|ilioeytet and C per rrnt monnrytrt. l.rinalym 
indicated a t|>rriAc gravity of 1.027 to 1.030, a pi I of 4.3 
to 7.0, a + 4- to + 4- 4- + Irtt for aertone, a 4- + Sulko- 
triteh trtt and no phmylpyruvie acid; there were no white 
relit in the tediment. Radiologic Hudy revealed Lionet of 
normal dentity and a normal hone age. The protein-bound 
iodine wat 3.8 niirrogm. per 100 nil. Certain laboratory data 
are thown in Table I. The urinary calcium wat 30.2 mg. 
per day, and the photphnrut 273 mg. per day. The tpinal 
fluid wat normal. The Kolmei trtt wat negative. The pa¬ 
tient wat ditcharged on a diet without additional vitamin D 
and with no attempt to rettrict ratcium intake. Two montht 
later the terum calcium wat again 12.0 tng., and the phot- 
pborut 3.1 mg. per 100 ml. 

Discussion 

In 1932 Lightwood* probably first described what 
has since been termed "idiopathic hypercalcemia of 
infants, with failure to thrive."* The child discussed 
at this relatively early date presented most of the 
clinical features associated with the severe form of the 
syndrome. The findings were not associated with a 
high intake of vitamin D. The patient died, and jios't- 
mortem study showed renal calcinosis and osteo¬ 
petrosis. 

The problem was recalled in 1951, when Fanconi* 
and Duller* simultaneously presented their observa¬ 
tions on 1 infant each, remarking on the coincidence 
of growth failure, hypercalcemia and certain other 
clinical features detailed below. Subsequently, these 
authors and their co-workers presented a detailed joint 
report.* In 1952 Lightwood and Payne* described 10 
infants with hypercalcemia and failure to thrive, 
whom the)’ delineated from the syndrome of "renal 
acidosis." Since then, numerous cases have been re¬ 
ported in the Uritisli literature but only 4 in the 
American.*** 

Tlic symptoms and clinical features of idiopathic 
hypercalcemia of infancy with failure to thrive 
present a constant |iattern in the various re¬ 
ports cited. There is no sex difference. The onset of 
die clinical manifestations, particularly the cessation 
of growth, is between six weeks and nine months of 
age. Case 2 is said to have been thriving poorly since 
birth. There may be marasmus in the severe form of 


the disorder. Oastiointirslitial complaints are com¬ 
mon and include rinrsis (often projectile), anorexia 
and constipation. Polyuria nml )iolydi|isia (repotted 
only in Case 2) occur in aliont 50 per cent Tltrrc is 
generalized muscular hy|»otunia ill almost all patients, 
and this firqucntly misleads the examiner into be¬ 
lieving that the child is mentally retarded. Paradoxi¬ 
cally, most children arc alert and not sluggish in spite 
of the hypotonia. The facirs has been described as 
“clflikc,” with prominent cpicanlhic folds, overhang¬ 
ing upper lip and underdeveloped bridge of the nose 
and mandible; these features were distinctive in Cases 
J nml 2. However, the clmmclerisiic facies may be 
absent* In alioiit <10 per cent there is hypertension. 
A harsh systc':: cardiac murmur is audible in many 
ami lias not been attributable to cardiac disease — 

I -owe ct al. 1 * found extensive metastatic calcification, 
including the heart and lungs, in 1 case. Transient 
facial palsies may occur, and nonparalytic squint is 
sometimes present. The head may fail to grow during 
the active stage of the disease. 

The chemical findings described in 10 infants by 
Lightwood and Payne* have been noted regularly. 
The serum calcium is elevated, and the levels above 
11.5 mg. per 100 ml. are significant" when persistent 
and accompanied by the other features. The blood 
urea nitrogen is sometimes elevated, but the serum 
phosphorus, phosphatase, bicarbonate and chloride 
are usually normal. The scrum alpha> globulins and 
gamma globulins arc often elevated. Other biochemi¬ 
cal findings" include an elevated scrum cholesterol in 
GO per cent at some time during the stage of the dis¬ 
ease; this was true in Case 1 only. The scrum phos¬ 
phorus may rise with continued progress of the dis¬ 
ease in the severe form. Tho scrum alkaline phospha¬ 
tase is almost never elevated and may be low in 40 
per cent. 

Ncphrocalcinosis was detected in approximately 20 
per cent 1 of the reported cases. Intravenous pyclo- 
grams reveal (to abnormality, other than poor concen¬ 
tration of the dye.' There is increased density of the 
long bones and the base of the skull, resembling true 
osteosclerosis (Albcrs-Schdnbcrg disease), in 20 per 
cent, and in a larger number there are only trans¬ 
verse lines of -increased density in the long bones. 
Craniostenosis may occur in 10 to 20 per cent of 
cases with the severe form of the disorder. Evidence 
of renal infection is present in about 50 per cent of 
cases. 

A distinction has been drawn between a benign and 
a severe form of idiopathic liy[>crcalccniia of infants, 
and this lias been sharply defined by Lowe cl al.** The 
benign form is said to lie transient, self-limited and 
subject to relatively early remission with no perma¬ 
nent consequences; the severe form is more protracted 
and may lie fatal, or with remission there is mental 
and physical retardation. The characteristic facies is 
absent in the benign form. Hypertension, heart mur- 
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niur ami retcnscIcroMs arc ,u|>poscdly confirm! to die 
«c»cre type. There may be a more marked dcvalion 
of die scrum calcium, blood urea nitrogen and 
chokucrol in die icvcrc type. In die 3 ease* described 
above, it was not possible to classify sharply each 
child on die basis of this group of findings. On the 

liaci« Af llto lil/uil......'_ I /V »• ... .... 


- u , Mnuiume Nov. |4 lfJJ * 

acid or neutral in the latter; and the serum calcium 
may rare y be high in renal acidosis, but falls with 
f«rr - it doe no, (nil with J?“,“1 
!" ' d, °P a ‘ , "c hypercalcemia. Osteosclerosis may occw 
in both syndromes. y 
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ell* take exception to die formulation of definite cri- 
icrn forsucl, a distinction; 4 of their patient, with the 

benign form died. A loud heart murmur may oc¬ 
cur ip the benign” form, and osteosclerosis may be 
absent ,n the "sever" form. There appear to be all 
gradations of severity, and it is difficult to assign pa- 
ucnis to one group or another. On a clinical basis 
only Case I may be termed "severe.*’ 

! W :ir nU dc * cribcd “hove was referred 
»0 the Cl.ild.cn s Hospital of Philadelphia because of 
growth failure The differentia! diagnosis merits some 
discussion. Although the presence of an elevated 
serum calcium will focus attention on the diagnosis of 
idiopathic hypercalcemia, oilier causes of grow. I, fail- 
ure should be sought. 

Certain other conditions more closely related to the 
syndrome of idiopathic hypercalcemia require spe- 
oa! attention.*-. Hyperparathyroidism m?y fe cZ 
sidcrcd, but in tins condition there is a diminution in 
■ scrum phosphorus (at least in the early stages), » 
marked rise m urinary calcium above die levels re¬ 
ported in tlie syndrome under discussion and an in- 

., a ! ka,ir * P ,,OI P ha ‘»*c; furthermore, 

die bone Won. of hyperparathyroidism generally dif- 
fer from those dexribed in idiopathic hypercalcemia. 
In d.opatluc: hypercalcemia the bone lesion, may sug- 
ffest Albcrs-Sclionborg disease, but in that condition 

i«lf! C ? m rcv *r al » n ,°. biochemical changes and there 
is often a myelophthisic anemia and a family history 
of the disorder. True vitamin D intoxication may £ 
recogni/cd by the history of the ingestion of larg- 
amounts of tins vitamin and liy the dccalcification of 
hone, u a ride, rather than osteosclerosis Renal 

EfT I™* C ^? ly !£ emWc idi °P“thic hypercalcemia 
hut can lx readily differentiated: hypotonia docs not 
occur m renal acidosis; acidtws is absent in .idiopathic 
hypercalcemia but present in renal acidosis — ihc 
unne is always alkaline in the former, and usually 


more severe forms death fro.,, renal insufficiency mar 
occur, or if the patient survives, physical retardation 
may jxrsist for tome years and menial retardation. 
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possibly owing to premature cranial syno.teo.is. mar 
he come apparent. 1 
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/ Etiologv 

,V c.iuK- of idiopathic hypocalcemia of infamy, 
/ a iih failureio thru*, it no, established. Several fac 
*o have been incriminated, and, at present, sensi- 
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hypercalcemia; however, ii is imasihh* m : 
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Fane on i* attributed the disease to a collection of 
rparate congenital defects. Butler* believed the "o^ 
dmon to result from an abnormal sensitivity to in 

** **«“"■ "* fa« of primary renal Zag, 
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Fioum 4. X-Way F*/x #/ M, «„// ClM 

«rilt 'res»onsih| C *?“ P ?'*‘ h)froid function is pri. 
Z;.[ E bk 0 [ ,h “ ‘y^^onHS. As discussed 

of ^ CmtC i findins ‘ arc no « 'ontwent S, 
disease of the parathyroid glands: furthrrm/*-. - 

T“rv- * frr*- 

“•mal. ll II pouiblc that renal ub.br immawHly 
•«'. nnreapnnarvcncu ,o p^.horuu*. e0 ,, ld ZZ 


i ZZn'Z'.TKe^r ~ “T ' 

Ported 1,,ent l,ie of * ,ka,i ««• also re- 

ssisisgs 

nSm!* * n °' hcr ^ ,ic ,ubclinica * form. Crcery and 
Neill'* have suggested that renal infection 

lead to hypercalcemia in ccruin children. Thcre^re 

no B r ,K, . < “ ,) ' '" ,,dcr . in which there has been 

no evtdencc of urinary infection, but it i, pou^e iTa" 

reZ™ 2 j'eaJrr J'tiS 
Sr'pWnL < '"'"‘”’ ''‘ r 'l’ 0 "«‘"^i'arT„“ l : 

ammo acids are normal.** ,nar ^ 

Impaired renal function is evident from , l t 

rifr' o, r.--SlSi££; 

aI bm L ,C '°‘ ubsidc wi,h improvement in 
all but he severe cases. Fanconi* observed diminished 
renal clearance in a severe case. Sissman »„,i v, • , 
conclude that dehydration may be the cause of'the 

.Z71 S, C "TT'r ni,rOSCn; l,,c y »'*o rc. 
Ph f ,T " ,b ‘ ,lar ^Nsorption of phos. 

^S.* *" .m ^ Ca,cin « i * hfen ob. 

Although definitive proof that vitamin D is the 

iTckL r Pa ‘'' ic ‘'V^alccmia i„ infancy is 
lacking, there is much evidence to wirr™. . • 

attention to such a possibility. In most ZTrcZZ' 

dhe intake of vitamin D is not generally considircd^o 

Forfar"!'^” 7°^’ 3 ° f *!* S pi,icnt * d «cril>ed by 
orfar ct ai. had received 100 to 550 international 

a. n r^nt a i , n y ;hc W U C -,ei , J C “ t''™ * hc r « oin '"cnd^! 

amount in the United Kingdom. Aside from the dis- 
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Z.il.iritir-s Mwivii idiopathic hyprrraWvuiia ami 
vitamin I) inmxiraium discussed nliovc, ilic 
scrum citrate level* luxe Uvn si town to In* dc|irr*scd,” 
a finding inconsistent with true vitamin D intoxi¬ 
cation. 

I* there a hypersensitivity lo ordinary quantities of 
vitamin D in iltnc infann? What constitute* an ex* 
ceuivc intake? Tlic former question has been raised 






Fiovm 5. 


. — ..~4J 

Cm I «t Tm Yftn •/ Aft. 


in view of tlte failure 10 elicit hy history an ingestion 
of what may be considered a large amount of the 
vitamin. Fyfc” lias shown tliat the blood levels after 
oral administration are much higher in infants with 
idiopathic hypercalcemia titan in normal infants. 
Might the same phenomenon occur in certain infants 
after "ordinary” doses of vitamin D? Perhaps the 
concepts of ordinary or extraordinary amounts of vita¬ 
min D require better definition. In a review, Jeans” 
pointed out that 200 international units of vitamin D 
daily produced a di» D -*e of calcium retention in in¬ 
fants no' greater tlian that obtained when 800 units 
or more was used — at the higher level anorexia, di¬ 
minished intake of fond and failure to thrive de¬ 
veloped. 

Urforc 1913 the conventional dosage of vitamin D 
in England was 400 international uniu daily; more 
recently, coincident with the rise in frequency of idio¬ 
pathic hypercalcemia in England, the official recom¬ 
mendation lias been 700 units per day”; in addition, 
during Uiis period, milk in the United Kingdom has 
been fortified with H00 international units of vita¬ 
min 1) per quail whereas in die United States the 
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amount is 100 units |mt quart. Might this seemingly 
inconsequential change arrrNiul for the :qi|xirent dif¬ 
ference in incidence lictwcvn the two countries? 
Crccry and Neill” state that no case of idiojiatliic 
hy|tcrcalccmia has occurred in "completely” breast¬ 
fed infants. None of our 3 patients were breast 
fed. However, some infants have been breast fed for 
variable, but perhaps inadequate, periods.” If vita¬ 
min I) licars some reqionsibility for the condition, the 
fortification of artificial formulas and cow's milk re¬ 
quires careful scrutiny. It has been suggested” that 
the total vitamin D intake in infancy be limited to 
400 to 800 international units per day — certainly, 
this is adequate.'* The fortification of milk, bread, 
virtually all infant cereals and artificially prepared 


r • •* . • / * I.- •.. i 

|/*•:. < » i'/VvI 
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Fnuac C. Af^**t*ntt •/ Cm i at Eight*** M**tkt «f 
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commercial fbrmulas in the United States is enthu¬ 
siastically practiced. The practice seems to have 
got out of hand, and die quantities of added vita¬ 
mins arc frequently the focus of competitive adver¬ 
tisement. This fact was forcibly impressed upon us 
when wc searched for foodstufTs containing little or 
no vitamin D for the treatment of die cases reported 
above. In die Philadelphia area it was almost impos¬ 
sible to obtain milk free of vitamin D. 

Forfar ct at.” have pro|>oscd an abnormality in the 
metabolism of cholesterol, the production of abnormal 
toxic sterols with vitamin D activity, as the basic cause 
of the disorder. Certain observations suggest that 
vitamin I) may not be did major etiotogic agent in 
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yCliltir lt\|i,n-aliviiiia. Mtil.I.lc" ndiiiiimti-nxl 
/c diiHf ilVkiMO ami 1,000,000 imri national 
/units) to 2 infants in remission, without |n oil. icing a 
i,.Li|or; |>cih;i]H a lciii|*ni»ry |Krio»l of. viiamin I) 
ht]<ci sensitivity line! already elapsed. *I1ic tame an- 
iJrfvs'- gate calciferol to infanit during live active 
p!tue of die disease, without exaggerating llic clinical 
hitinr: or the calcium retention. One infant in re* 
n.iwioir* received 2000 international units of vitamin 
0 daily; within two week* the scrum calcium and 
|i!ikxI urea nitrogen rote slightly but fell thereafter. 
| n a similar ex|>ciiincnt during remission,' 4 an 
exaccilralion was produr 

Treatment 

Crccry and Neill"' obtained good results by ein- 
ployii'g tlie usual diet containing unfortified milk and 
without added vitamin 1). '1 'ho more thorough re* 
■total of vitamin D from the diet has’lrccn recom¬ 
mended by others." In addition, the employment of 
s calcium-free diet has produced a depression of the 
mnn calcium level.* 4 Stapleton, Macdonald and 
Light wood". believe that the use of a calcium-free 
diet and removal of all sources of vitamin D acceler¬ 
ate the rate of recovery. 

It has been slated that cortisone ordinarily causes 
an increased excretion of calcium and phosphorus." 
Striking improvement lias been described in 1 infant 
with revere idiopathic hypercalcemia after the ad¬ 
ministration of 12.5 mg. of cortisone daily." An in¬ 
crease in the excretion of calcium and phosphorus has 
been reported to follow the use of cortisone for idio¬ 
pathic hyiscrcalccmia." 

As tvould be exacted, various agents that “bind" 
calcium, and thus increase renal excretion or interfere 
with intestinal absorption, have been tried. Lowe 
ct al." observed no beneficial elTcci oh the scrum cal- 
dutn level after the oral administration of sodium 
nhylciicdiaminclciracciatc; another patient died after 
the intramuscular administration of this compound. 
It is not recommended for the treatment of idiopathic 
hypercalcemia. 

Sodium phytate (a salt of inositol hexaphosphoric 
xid) forms insoluble salts with calcium and has been 
employed to block the intestinal absorption of calcium 
in vitamin D poisoning and sarcoidosis by Henneman 
sad Carroll." Cat ter ct al.' 4 have attempted to cm- 
ptoy "all-bran" as a source of phytic acid in infants 
with idiopathic hy|>crcalccmia. This agent appears to 
be iclaiivcly free of undesirable cflccu. We are cur¬ 
rently administering it to one baby (Case 2) in an 
attempt to hasten recovery. 

The employment of sulfonamides for the concomi¬ 
tant urinary infection is probably contraindicated. 
Harris" has shown dial they may aggravate renal 
damage and osteosclerosis. Altltough it is advisable to 
employ other suitable treatment for the urinary in¬ 
fection, Lightwood and Payne* do not believe that 


such therapy hastens the remission of tlie hyjxrr- 
ralceinia. 

SUSISIARY ANO CONCLUSIONS 

Three cases of "idioysathie hypercalcemia of in¬ 
fancy, with failure to thrive," occurring within a two- 
year (teriod in a single children's hospital in the 
United States, arc described. Tlie condition has been 
seen much more commonly in the United Kingdom, 
although it is possible that it it not alwrays recognized 
in North America. The role of vitamin D is discussed. 
The more in.xlcrale use of vitamin D in infant nutri¬ 
tion it advisable. When the condition occurs, it it best 
treated with a diet low in calcium and vitamin D. If 
the condition is severe, small doses of cortisone may 
be employed 

Idiopathic hy|icrcalccmia of infancy, with failure to 
thrive, is a distinct clinical entity of unknown cause, 
although it ap|icars highly probable that viiamin D 
has an important role in the etiology. *Iliis syndrome 
.is not synonymous with true vitamin D intoxication, 
but it may represent an expression of hypersensitivity 
to vitamin D in certain infanfs. 

Whether or not idiopathic hypercalcemia of infancy 
with failure to thrive it truly uncommon in the United 
States, it behooves the American physician to take 
warning and to avoid the excessive use of vitamin D. 
Moderation should be practiced in the commercial 
houses entrusted with the preparation of infant frvwls. 
It is likely that '100 or 500 international units of vita¬ 
min I) |»cr day is adequate for almost all infants. It 
would be desirable to obtain better control over the 
intake of infants exposed to so many sources in a 
"vitamin-hysterical" environment. The physician and 
parent, unfortunately, arc not always aware of an 
infant’s total vitamin D intake. It is virtually impos¬ 
sible under present conditions to determine the con¬ 
tribution from various "hidden" sources. 

We are indebted to Dn. Anthony J. Repici, Paul Morris 
and Henry S. Ccril for the opportunity of etudyinf these 
cues. 
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PRESENCE OF CHILDREN IN THE HOUSEHOLD AS A FACTOR IN THE 
INCIDENCE OF PARALYTIC POLIOMYELITIS IN ADULTS* 

Morris Siegel, M.D.,t Morris Creensero, M.D.,f and Jerome Dodian, A.B.J 

NEW YORK CITY 


I N a recent study on poliomyelitis and pregnancy, a 
relation was oliscrvcd between the occurrence of 
poliomyelitis during gestation and parity. 1 Regardless 
of maternal age, clinical infection was more frequent 
in multiparous than in primiparous women. The as¬ 
sociation between parity and poliomyelitis appeared 
to be dependent, in part, on (he number of children 

Table I. Annual IntUtnct of MmrmKiu, Nam York Cily, 
19491953. 
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tients with so-called “secondary’* cases were infrrtcd 
at the same time as the patient with a “primary” case, 
presumably from a common carrier source. 1 '* Labora¬ 
tory studies by other investigators confirmed tltev 
clinical impressions. They revealed the rapidity with 
which the virus was spread among the members of 
a household, and the importance of the affretrd 
household as a source for the dissemination of viru. 
in the community.’**" The intestinal tracts of persons 
infected for the first time were found to be heavily 
seeded with virus, even among those who had been 
actively immunized with Salk's forinalin-trcated vims 
vaccine."*" 

The present study was undertaken to investigatr 
the influence of children in the household on the in¬ 
cidence of paralytic poliomyelitis in adults, (akin; 
into consideration the factors of age, sex, marital 
status .and pregnancy. Since 99 per cent of patients 

Tabls 2. Diilfibnlian 0 / Catat Attatding la ClinUal Tyft- 


in the household. However, the relation could not be 
explored furtlier because no data on the distribution 
of tlie general population by family size were avail¬ 
able. *lliey have become available since then. 

Studies of poliomyelitis in Itouscholds have been 
conducted by a number of investigators. Some of the 
earliest works were on the frequency of multiple cases 
in Itouscltoldx These indicated that most of the pa- 
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in all re|iortcd cases of poliomyelitis in the adult 
group were fifteen to forty-four years of age, the study 
was limited to this age group. 

Tlic data on tlie occurrence of poliomyelitis in the 
population under consideration were obtained from 
the clinical and epidemiologic investigation of cam 
reported to the City of New York Health Department 
from 1949 to 1953, inclusive. The information was 
obtained by epidemiologists, who visited all patknu 


* • I*-- 


V«t. 25 

within 
same a 


The 

myeliti 


Tablr r! 

Utit >n .j 


ts-r* 

ESS* 

JM* 

zvss ! 


Tmv*. I 
A•»..«■ 


fifteen j 
The is. j 
high le , 
rears. 


RATI «* 

BO.OC. , 
70 ‘ 


fnvu 

my tlitu 


14 6 ii 
rpidcr 


• ■ 


j 











t 


aE AMERICAN JOURNAL 
OF PATHOLOGY £ ; I0 



AN EXPERIMENTAL HISTOLOGIC STUDY Of 
IlYPERVITAMiNOSIS D* 

0““* M Ha ” M D - R,c "«» R Tnvctmiy, M.D.j C. D.-jc. T**i«, Mi), 
and Marjorie Sti’Mrc, DA. 

»•* Ik* Xmk Lob or glory ,f rotk*lo t y ef Ik* Prnbyl-rlgg.Sl. Uk,‘, //„*„, 

Uiiep, III. r * 


Soon after (he discovery of the similarity of Vitamin D to irradiated 
ergosterol, several investigators became concerned with the action of 
excessive doses of irradiated ergosterol ” It was generally agreed that 
the compound exerted its effects by its influence upon calcium and 
phosphorus metabolism, presumably through some intermediary hor- 
monal mechanism .*•’ It was proved that the compound had no serious 
toxic action except when given in doses far in excess of those required 
for prevention or cure of rickets due to a deficiency of Vitamin D.* 
FinaHy it was established that the principal pathologic changes at* 
tributablc to excessive doses in man or animal were in the form of 
abnormal deposits of calcium in many organs and tissues.*-* 1 Having 
settled practical matters concerning the clinical use of the compound 
hitcrest in hypervitaminosis D subsided, and except for the studies of 
Follis, little attention lias been given to the subject since i^s.**- 1 * 

Our Interest in hypervitaminosis D arose as a result of the emphasis 
of \\ olbach, Bcssey and Fell upon the use of avitaminoses and hyper- 
vitarninoses as tools for study of pathologic sequences and their rela¬ 
tions to the locus or nature of action of vitamins.* 4 ** Sequence in 
human disease with which we have been concerned relate to so-called 
degenerative change which are especially conspicuous in connective 
tissues and more common in arteriosclerosis than in any other human 
disorder.” ** The lesions described in hypervitaminosis D seemed to 
offer a promising source of information in further study of these non¬ 
inflammatory degenerative sequences.* Hence, histologic studies of 


•Thl» atudy »u supported by grants (!f.i 6 jo, H-jaij, HTS-citt) from Tb» Mi. 

M»m V’* 1Ul * cf The National Institutes of 1 {tilth, Tht Otbo S A. Spracut 

Memorial Institute, and The Life Insurance Medit.1 Research Fund ™ 
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the distribution and evolution of lesions In rabbits given excess!^' 1 
doses of irradiated crgostcrol were undertaken with special attention 
to changes in the vascular system. 00 

Methods 

ere^wnW W01 '*** ,n ?* cx P criment * "as * elution of irradiated 
' cago rn Th^r 0 ln pcanut 011 (Abbott cw! 

go, HI.) The potency was assayed as about io' U.S.P. units Der rri 

:rr irim ^ in doses ° f ** mi - (*°* 

week? ^ t y ° f tnWeCk,y in,CrVa,S for P" 10 * « *ong as 6 to 8 

mSma7^,h C t ,me T Van ' Cd Ht ,0wer dosa 8“ 50 that minimal and 
maximal pathologic effects could be defined and their evolution recoT 
ni*cd over a period of several months. 

* ,J Ia,C ‘"T r S bitS from a sfn S Ie *«*» about j pounds In weight 
and 3 months old, were used. Records of weight and anaW. r 

."zr«ch'-fh Mpbor “, ! cho, “‘" 01 wwc ™ de *• or 

bout 1 weeks. The ,-mmals were fed a Purina Rabbit Pellet diet with 
were rrr d^of*' F ° -*•* 

«4 n^i„ti„ed^T^:i ,r0ra “* * « **' 

S.ncc the initial plan was to produce maximal pathologic effects the 
d *se W2s regulated at levels just below the quick lethal ranee r* 
most animals lost weight and died within 6 Seeks. Lafer the p”n ™ 

STfetfSi i UWeU ’ a ' * nd I-*** effects, awUtdmSs 

lot™l^.„n ^ a‘ ‘" y f' ly SU “ or «•*» viosterol at looser • 
intervals and sacrificed at a later stage. Complete necropsies were t 

w etc fixed*ir? fo*^ °m ? F*““ fmdingS made - A11 tUsues *> d organs 
a ? ChydC (4 P" cenl U.S.P.) and studied micro- 
scopically. A series of 54 animals were suitable for the purposes of this 

report, with 49 additional animals on other dietary and viosterol re- 
6,me. available for supplemental and eon6rma,^ 0 “ M ™Z j 

Results t 

Gross Pathologic Changes • j 

f r£ f ews attributable to hypervitaminosis D varied 1 ! 

with the dosage of viosterol, the length of the period between 

duration of the regime, and the occurrence of intercurrent infections! 1 

osis werTi h !! 10 "* !°I P roduct,on of *'SmT,cant generalised calcin- 
' 0515 r- 4 dUra “ 0n ° f 8 da y* and a total of 300,00!, units riven in t 

2 a - imCrVa!S ° f * dayS ‘ Thwe condilior « were usually com- 

• ,ntCrCUfrcnt chronfc P ur ulcnt pyelonephritis of l »ype * 
occasionally encountered in control animals. Among aJmaJ S 
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!Zl"‘r«T a! d ™ ! !'”" p ; hfp>,lc ““'li-b. ft. loul mlntaai 

mlhed calcinosis of tncrcMlng Tm* *“• 

f* ri °f c "I” 1 *«« was es.cnded to at iJt ZcL n^Z 
of the disease was further increased at «h» k- 3 ,, , S ‘ Tbe 

dos« of , 00,000 onto was conltaed beyotrf! ^nZ**■ 
generally led to anorexia lo« n f ».? u/ j 3 weeks * 71,15 regime 

weeks. Accurate ZZt'oZc ’Ji. Z , ^ *>*“' 4 

processes was also obtained so that oroJ^T' 01 pall " ,, °S fc 
elements in mechanisms of resorntion P rmJ * P J rtlc,pat!on of tissue 

be studied, but this required carcfulTiuUulrfd""""*''” might 
of about 6 months. 8 1 f dosa 8e over a period 

tnMun,md •* *■ »-<s 
ofcalciumin num c™us*'x™a^sscou3\issufi t Ti°£°™M r i ^^?*‘''* <n 

:zz:z zt:: ck ^ s - ^ *» 

iunam « *• 

The increased fragility was due lareelv to 1 (Fi * *>• 

often sufficient to allow mechanical ^ * 

that partial collapse and abnormal coraS contou^ ” ° "**“• » 

conspicuous. In these cases, a. trabeClhr strucTe Z c ZZ°fj 
the marrow spaces reduced disi* a*. 1 . . as compact and 

bra! bodies SZ£?Lt U “ ™<* 

dise.se (Fig. , 0 ) d “““Ccrais ,„d r^,., 

t"TT' d ' PMlu *» «*»■ h 

disease. In” My^ a^ah 1’"' ^ «"* - *• 

Increasing severity ofthedlZ? ”° «™« changes. With 

• -frs 

afTcdcd tissues”Thw Cli «!e°e anal0miC P ' an “ * nd !lr “ C "" al ““dines of 
~ , ht liJmy , whe^tonls^ 

££ s^™b a e”c d a '*7’ “ “* - «* 

*» periphery ., the nS <■£» " “"** '“™ M »“* 


Fhl 2 


;/ 


t 











. *• . • • 


39* HASS, TRUTHtAXT, TAVIOX, AKD STUUn 

C0mn ’ 0n . loca<!on of “ Wum deposits was in muscfc^ 

£ * , ?° S,tS C0,nCidCd Whh WhJte *^“ts Which follows ! 

TbevZZ 0 ! 0 ti ° D ° f musde “®* or distribution of arteri * ( 

They were less common in skeletal than cardiac muscle but frenu^S 

«r. cl Mrty dUUnpmbed In the di ap h rap n ■TSU mZ?% 

n Mttfn ,y \ ,KL The t! °P hj S“ ! ™* «««#««? i 

:™r r " mt * mw '**■* >» 

vrall of the stomach subjacent to the add-secreting mucosa (Fi 2 o ! 

«n d ’ # ? tt i n8 8BSlrIc mucosa 11150 commonly contained ( de^oJi' 
of caldum but less frequently than the subjacent .wSS^qS 

found 101,16 mucosa pS 

’ ° f ^ * omach which have no acid-secreting function. 

Another common location of calcium deposits was in the rescind 

fied i^d'fV T 18nd b » 0nCh,al Carinages were o!t ' a rigidSd cS . 

»uco» of the P ll aqUCS “ IdUm WCrC at times recoded in the 

“7“ ‘"7 «* - pulmo„^ P veinsT52 

dianges pulmonary emphysema and decreased elasUdty of the alveo- 
hr structure were usually demonstrable. 

Other tissues and organs occasionally contained cross trar« 

iTesuWJshedod 3 ^ ,0 “ t! ° nS 0,6 preSCDCe of “dneral depoS 
as es «bushed only by microscopic studies. • . 

Microscopic Pathologic Change ; V*: ! ’/* 

•! ‘ . • •• *** V ’ ’• 

Deposition of calcium in the heart was usually assodated wttfc • ’ 
peculiar inflammatory reaction similar to that described in rats (Fig. 

)• In general, the calcification potential of various cardiac strutting 

E (Fig. 2). This localization seemed to be determined partly by tie 
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' common occurrence of a low-grade Inflammatory reaction (Fig. x). 
At times, the reaction was principally In the form of arteritis and 
periarteritis, characterized by swelling of collagen, perivascular pro¬ 
liferation of histiocytes, and formation of focal nodular lesions which 
resembled AschofT bodies. Usually these lesions lay either adjacent to 
or around cardiac muscle cells in various stages of degeneration, old- 
fication, and resorption. Their incidence increased with the levd of 
dosage of viosterol and perhaps with the intrusion of IntcrcuiTent 
infections, though data concerning the role of infections were too 
meager to Justify final conclusions. Suffice it to say that control ani¬ 
mals dying of the same infections had no lesions of the type described. 

The presence of an active periarteritis and myocarditis may have 
had something to do with the distribution of calcified cardiac muscle 
cells, but*there seemed to be little relation between the inflammatory 
reactions and calcification of the media of coronary arteries. The main . 
coronary arteries were free from inflammation, and calcium deposits 
in the internal elastic membrane or smooth muscle of the media were 
more conspicuous in these vessels than in the smaller intrarayocardial 
branches which exhibited inflammatory reactions. In some instances, 
the deposition of calcium was so great that it was detectable in eonv 
nary arterial branches of ail dimensions. Tills process was never uni¬ 
form in arteries of equal dimensions but involved certain arterial 
branches more severely than others. . 

Calcification of the fibrous or fibroelastic stroma of the heart was 
never impressive in valves or in the myocardium. The endocardium, . 
especially of the left atrium, was occasionally severely calcified, the 
process being more pronounced in elastic networks than collagenous 
fibrils. • ; * .... 

Respiratory Tract . ' . 

The sequences and pattern of calcification In the respiratory’ tract 
were of great interest. The earliest deposition, other than that occur¬ 
ring in the tracheobronchial cartilages and goblet cells, was in the 
fibroelastic stroma of the tracheal mucosa. The calcium deposits were ' 
distributed at regular Intervals Just below the basal layer of epithelial 
cells. As a rule, the basement membrane and underlying fibroelastic 
tissues were affected. In more advanced cases, the deposits involved 
the entire basement membrane and variable amounts of subjacent 
fibroelastic tissue, as deep as the plane of the mucosal vascular plexus 
(Fig. 3). Only rarely did the calcium deposits extend in continuity 
from basement membrane to the perichondrium of cartilaginous rings. 
Invariably, however, in these severe lesions there was excessive cald- 
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fication of the cartilaginous matrix. When this occurred, the caldfied 
xones of cartilage lay adjacent to those of the mucosa, and at times 
there teas erosion and stromal penetration of the margins of calcified 
cartilage. This was not followed by osteogenesis. On the contrary, the 
stromal invasion stimulated resorption of mineralized matrix and re¬ 
gional proliferation of young cartilage cells. 

Calcification of the subepithelial tracheobronchial stroma was often 
preceded or accompanied by swelling and distortion of collagenous 
fibrils, but customary signs of inflammation were usually absent. How¬ 
ever, once calcification bad occurred, reparative sequences were at 
times recognized. TI.csc seemed to be initiated by two factors. One 
was the fragmentation of calcified fibroelastic tissue and basement 
membranes, leading to local proliferation of histiocytes and encap¬ 
sulation of displaced degenerated calcified tissue by histiocytes and 
multinuclcated giant cells. As this occurred, the subepithelial base¬ 
ment membranes and adjacent mudosal stroma were usually slowly 
regenerated. When the reparative process was unduly active, the epi¬ 
thelium regressed to an undifferentiated type of columnar cells which 
regenerated as either a characteristic respiratory epithelium or a meta- 
plastic epithelium of stratified squamous type. This form of epithelial 
behavior called to mind the sequence described by Wolharh in the 
course of deprivation and restoration of vitamin The second 

factor initiating reparative reaction was the deterioration of epithelial 
cells which followed calcification of mucus in the secretory vacuoles of 
goblet cells (Fig. 3). These cells, in the absence of any signs of dimin¬ 
ished viability, inflammation, and undue calcification of subepithelial 
basement membranes or deeper stroma, were occasionally transformed 
into spherical, concentrically laminated, calcified crystalline structures. 
This form of primary epithelial calcification usually stimulated a re¬ 
generative reaction in which'proliferation of basal cells led to atypical 
orientation of the new epithelium in relation to rigid calcified basement 
membranes. Ordinarily this activated the regional stroma which pro¬ 
duced an entirely new structure with characteristics of the original 
. basement membrane. The new membrane was interposed between the 
discontinuous calcified original basement membrane and the proliferat¬ 
ing epithelium. As this occurred, the displaced calcified membrane 
became encapsulated by histiocytes or incorporated in the cytoplasm 
of multinudeated giant cells. 

Despite the apparent interference of these changes with tracheo¬ 
bronchial function, little associated inflammation was provoked. A 
low-grade chronic tracheobronchitis, characterized principally by an 
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infiltration of plasma cells in the respiratory mucosa, was found In 
a few animals. This followed the most severe instances of stromal 
and epithelial calcification. It was never encountered in control 
animals and was regarded as a specific feature of hypervitamln- 
osis D. 

Not all parts of the tracheobronchial tree were equally affected by 
the calcific changes. The process developed more readily in the trachea 
and, as the disease became more severe, spread distally. Hence, in 
mild cases the principal changes were in the trachea. In moderately 
severe cases, the lesions were conspicuous as far distally as the ter¬ 
minal bronchi supported by cartilage. In the most severe cases, the 
process extended all the way into the walls of the alveolar ducts and 
alveoli. At times, the calcification of the terminal structures was very 
advanced, with involvement of pulmonary elastic tissue and the walls 
of interalveolar capillaries and pulmonary venules (Fig. 4 ). The alter¬ 
ations led to diminished elasticity with increased rigidity, relaxation, 
and fragility of alveolar structures. Thus, early stages of emphysema 
became conspicuous, and although peripheral pulmonary changes were 
usually associated with advanced tracheobronchial calcification, the 
relationship was not always encountered and was by no means quanti¬ 
tative. It was dear that factors which determined the locus and quan¬ 
tity of tracheobronchial calcification did not necessarily operate 
equally in determining the distribution and magnitude of calcification 
in alveolar walls and pulmonary vascular channels. 

Alimentary Tract ' 

The upper alimentary tract was studied more carefully than the 
lower tract so that conclusions concerning changes distal to the duo¬ 
denum were only tentative. 

The esophagus showed noi evidence of disease. 

The stomach was a common site of severe calcification but only in 
special locations; namely, the part of the gastric wall concerned with 
support, nutrition, and the specific performance of acid secretion (Fig. 
S). This part encircled the cardiac orifice and occupied the principal 
part of the fundus and greater curvature. The mucosa of the lesser 
curvature and the pyloric region contain few if any parietal cells which 
are generally held to be responsible for secretion of hydrochloric add. 
The parts of the gastric wall which were calcified are therefore spatially 
and presumably functionally integrated. Calcium in the muscular wall 
was usually most conspicuous, and there was concurrent calcification 
of the mucosa and arterial system. Deposits of calcium in the mucosa 
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usually appeared first In the tunica propria and basement membranes 
adjacent to the common junction of branches of the compound glands 
In the midmucosal regions. Occasionally, cells lining the glands were 
calcified, and at times calcified concretions lay in the lumens of glands. 
Later, stromal calcification also occurred in other locations, especially 
near the muscularis mucosae. In connection with the stromal deposits, 
calcified walls of small arterioles were conspicuous, and at the level of 
the muscularis mucosae and submucosa, calcification of walls of larger 
arterioles and small arteries was still more prominent. Walls of larger 
arteries deeper in the tunica muscularis and serosa were less severely 
calcified although calcium deposits in the internal elastic membrane 
and subjacent media were common. In these vessels, fibroelastic in* 
timal proliferation was apparent, always overlying calcified or frag¬ 
mented stretches of abnormal internal elastic membranes or subjacent 
media. 

Calcium deposition in the tunica muscularis and the muscularis 
mucosae of the stomach occurred in a characteristic sequence and pat¬ 
tern. Major deposits lay in the cytoplasm of smooth muscle refl s 
which seemed, initially at least, to be structurally normal. The smooth 
muscle cells were ordinarily affected in groups, and with increased 
calcification only the bare outlines of initial structure remained. In its 
place there were rows of curious calcified bodies which resembled 
strings of beads without recognizable origin in cytoplasmic structure 
(Fig. 6). Minor deposits of calcium appeared in tortuous curved 
structures which at times resembled fibrous or elastic elements and at 
other times minute canaliculi or autonomic nerve axons. Further study 
will be required for the identification of these calcified filaments, fibers 
and other structures. 

The pattern of transmural calcium deposition in elective sites in the 
stomach disappeared with the transition of gastric mucosa to the type 
which secretes no acid. Indeed, the entire thickness of the gastric wall 
just beyond the level of mucosal transition was normal in all cases. In 
other words, all arteries, nerves, smooth muscle, mucosal glands and 
stroma in the non-acid-secrcting part of the stomach were free from 
calcium deposition. . . 

Immediately beyond the pyloric sphincter, whidi at times contained 
a few dusters of calcified smooth muscle cells, a different pattern of 
calcification was encountered. Here, the duodenal mucosa, tunica 
muscularis and muscularis mucosae were ordinarily spared while cal¬ 
cium deposits appeared conspicuously in the walls of small arteries 
and arterioles. Distal to the duodenum the only important caldum 
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deposits were in the tunica tnuscularis of the Drum and especially the 
colon. The deposits varied greatly in amount and position. Mucosal 
sod arteriolar calcification was indistinct or absent, except in the colon, 
in the reticulum of lymphoid follicles or in the basement membranes of 
interglandular surface epithelium. There was a peculiar concentration 
of calcium in and around ganglionic plexuses in the tunica tnuscularis 
of the colon. Other plexuses were uninvolved. Mucus-secreting goblet 
cells, commonly calcified in the respiratory mucosa, were 
throughout the ileum and colon. . 
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;• :V Urinary Tract -- : 

The kidney was also a common site of severe disturbance and was 
affected in all cases in which there was significant calcification in other 
tissues . 1,4,1 The renal calcification was confined principally*to aggre¬ 
gates of functionally related units. For instance, nephrons were not 
involved equally or in a random manner. Those first affected were 
nearest the medulla, and from this region the process spread to involve 
the more peripheral nephrons but seldom reached those in subcapsular 
areas (Fig. 7 ). In connection with this curious wave of calcification 
there was a similar spread in the medullary tubular areas correspond¬ 
ing to the distribution of loops of Henle. 

The sequence of changes in nephrons was also of interest The epi¬ 
thelium of the convoluted tubules seemed most susceptible; the 
were frequently solidly impregnated with calcium often disposed in a 
spherical, concentrically laminated pseudo-crystalline fashion, occupy¬ 
ing and expanding the original volume of the cytoplasm and nucleus. 
Intraluminal calcified protein casts were also encountered in these 
tubules. The basement membranes of the convoluted tubules had a 
conspicuous affinity for calcium so that*at times they were more heavily 
calcified than the epithelial cells. This affinity was prominent beyond 
the limits of the convoluted tubules, especially in the stroma of Bow-, 
man’s capsule. Less often, the subendothelial membrane of glomerular 
arterioles was affected. - ' 

No conspicuous calcification of tubular epithelium and basement 
membranes of the kidney appeared without calcification of the related 
arterial system. The large cxtrarcnal arteries were least involved, al¬ 
though calcification of internal elastic membranes and subjacent 
patches of medial structure was usual. Where the extrarenal arteries 
branched to enter the cortex, near the corticomedullary junction, 
pathologic changes became more prominent. The wails of arteries and 
arterioles supplying the nephrons undergoing mineralisation were fre* 
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qucntly solidly impregnated with calcium so that mural structure was 
hardly recognizable (Fig 15). The process of arterial calcification 
ordinarily extended in continuity to the glomerular tuft (Fig. 8). la. 
volvement of the glomerular arteriolar plexuses was uncommon except 
when calcium was deposited in spherical masses scattered throughout 
the tuft in swollen glomerular endothelial cells. The postglomcrular 
arterioles and venous channels were spared, except in the most severe 
instances of diffuse calcification. This was equally true of all arterial 
and venous systems connected with the nephrons of the peripheral 
half of the renal cortex. \ 

The most remarl; able feature of the renal lesions was their distribu¬ 
tion. Of interest also, however, was the absence of expected signs of 
Inflammation. Nor was there ever more than a trace of the reparative 
reaction one would anticipate in response to the observed magnitude 
and duration of renal damage. The disease was essentially indolent, . 
progressive and degenerative. 

The remainder of the urinary tract was not studied carefully, but 
ureters and renal pelves were often included in the sections. The ureters 
were always normal. The pe'ves ordinarily contained subepithelial 
deposits of calcium, occurring at intervals in the fibroelastic connective 
tissue and among bundles of smooth muscle cells. There was no inflam¬ 
matory reaction preceding calcium deposition although the stromal 
fibers were often swollen and nodular. Following calcium deposition, 
there was in some instances a proliferation of histiocytes resembling 
the reaction encountered in similar calcified tissues La several other 

locations. „ , . . I 

Vascular System 

Particular attention was given to a study of the vascular system.*** 

The earliest evidence of hypervitaminosis D was in the proximal aorta 
and changes were always found here, whenever there were calcific 
deposits in other locations such as the tracheobronchial mucosa, gas¬ 
tric wall and kidneys. As the disease became more severe and pro¬ 
longed, calcium deposits appeared in the midaorta, then in the distal 
aorta, and at about the same time, in various aortic branches. 

Microscopically, the'initial calcium deposits in the aorta were in 
and along the innermost elastic membranes and delicate intermem- 
branous fibrils or matrix (Fig. 11). With increasing duration and 
severity of the disease, calcification increased in depth and magnitude. 

In advanced cases the inner third of the media of the proximal aorta 
was calcified in continuity, and there were discontinuous annular zones 
of calcification in the middle third of the media. The depth of pene* 
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/ (ration of calcification in continuity decreased slightly with increasing 
distance from the aortic valve but not in proportion to the decrease in 
thickness of the media, Pence, in advanced cases, the full thickness 
of the media of the distal aorta was calcified, while not more than the 
inner half of the media of the proximal aorta was similarly involved 
Each aortic branch had individual susceptibility to mineralization, 
and each had its own pattern of calcium deposition. In general, 
branches of similar size and structure had similar susceptibilities and 
patterns, but this was not an invariable rule. Without undue descrip¬ 
tion of deviations, the trends in the different systems may be given as 
follows. As the clastic structure which dominated the composition of 
the upper aorta was gradually replaced by an increased amount of 
smooth muscle in the distal aorta and carotid, renal or iliac arteries, 
calcification of the internal elastic membrane became more conspicuous 
and local deposits of calcium appeared in and between the subjacent 
smooth muscle cells (Fig. 14). The deposits in the beginning were 
discontinuous and distributed in an annular manner (Fig. xa). As 
they increased in number and extent, they tended to fuse to form 
annular rings and to spread in the long axis of the media, eventually 
occupying it entirely. The process was especially conspicuous in the 
iliac and femoral arteries. A similar lesion but with less annular and 
axial discontinuity of calcification was common in the carotid, axillary 
• and brachial arteries (Fig. 13). 

Changes in the smaller and more peripheral branches of these arteries 
did not follow any uniform pattern which could be related to the dimen* 
sion or structure of the vessel. For instance, the immediately extrinsic 
and intrinsic vessels of the cerebral vascular system were always nor* 
mal. The main pulmonary artery and major branches occasionally 
contained discrete calcified lesions of the inner media, but the minor 
branches down’ to the level Of the alveolar capillary network were 
usually normal. At the alveolar level, calcium deposition became con¬ 
spicuous and extended in continuity to involve the media of vessels of 
the outflow venous system into the left atrium (Fig. 4). Arteries to 
special organs such as the submaxillary glands, kidney,* spleen, thymus, 
duodenum, acid-secreting part of stomach and thyroid were often very 
severely affected, while those supplying the eye, testis, ileum, adrenal, 
pituitary and liver were spared from significant alteration. Arteries to 
skeletal muscle, pancreas, bone marrow and skin contained lesions tom 
variable degree among different animals and from place to place in the 
same animal. These general statement* also pertain to arterioles and 
capillaries. 
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Veiw, except those carrying blood from pulmonary alveolar spaces 
to the left atrium, were never electively involved, though venous chan¬ 
nels in the kidneys, bone marrow and elsewhere were occasionally 
secondarily affected in connection with massive calcification of regional 

Not only were there unexplained vagaries in localization of calcium 
In different arteries ="d arterial systems, but the patterns of reaction 
associated with the localization were equally variable. For Instance, 
fibrous intimal proliferation was negligible in the proximal aorta. It 
increased in magnitude in the aorta with increasing distance from the 
aortic valve. It was maximal in the systemic arteries of large caliber 
which showed severe calcification and fragmentation of internal elastic 
. membranes supported by medias composed largely of smooth muscle 
rather than layers of elastic lamellae. It was limited exclusively to 
areas covering abnormal internal elastic membranes and subjacent 
medial structures in most animals, and predominantly so in all animals. 
The fibrous intimal plaques formed sluggishly but at times within 6 
weeks acquired a thickness equal to that of the arterial wall (Fig. 14) 

In smaller arteries, the intimal proliferation was less conspicuous so 
• J, a . rtcrir,lc5 ' des P fte extensive transmural calcification, intimal 
proliferation was scarcely recognizable, except in the presence of active 
or healed arteritis (Fig. 16). 

The occurrence of arteritis was another unexplained variable. The 
evidence indicated that the arteritis was related to exceedingly high 
dosage levels and perhaps to acute intercurrent infection. Suffice it to 

• arlcntis °* 1116 , yP e occurring in animals with hypervitamin- ' 

osis D was never encountered in the control animals, many of which 
also died of acute intercurrent infections. Whatever the eventual 
explanation, the arteritis and periarteritis had no specific connection 
with the degenerative calcifying disease of a,teries in general. There 
was good evidence that it was connected with the occurrence of calci¬ 
fied deposits in distal arterial systems lying within muscle and con- 
earned principally with the nutrition of cardiac and skeletal muscle 
(Figs. 1, 16). Seldom was arteritis or periarteritis encountered else¬ 
where and then only in isolated vessels and never in the conspicuous 
generalized form noted in the muscles. 

Not only was the anatomic distribution of the arteritis a matter of 
considerable significance, but the pattern of inflammation of arterial 
walls and perivascular tissues was equally interesting. The most severe 
forms were in the nature of an indolent panarteritis, which resembled 
reactions occurring in periarteritis nodosa, lupus erythematosus, rheu¬ 
matic fever, and occasionally rheumatoid arthritis. In less severe cases, 
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the signs of inflammation were principally in the collagenous adven¬ 
titial tissues. These signs varied from a mild nodose swelling of the 
fibrils to a more pronounced response characterized by aggregates of 
histiocytes, neutrophils and lymphocytes in and around foci of degen¬ 
eration of perivascular interstitial tissues. At times, especially in the 
myocardium, several persons who have studied these sections have 
remarked the similarity of the lesions to Aschoff bodies. Similarity 
was all that could be claimed, however. The lesions were entirely un- * 
like the random inflammatory foci encountered occasionally in the 
myocardium of rabbits in the control series. 1 *• 

• • * . 

Muscular Systems 

The preceding descriptions have disclosed that the muscular tissues 
of the body were usually affected. There was no evidence that this 
involvement was secondary to alterations of arteries, although arterial 
lesions customarily accompanied muscular abnormalities. Smooth 
muscle was more generally affected than cardiac or skeletal muscle. 
Changes in smooth muscle of the media of systemic arterial and pul¬ 
monary venous systems, the tunica muscularis of the alimentary tract 
and the tracheobronchial tree, and the mucosa of the renal pelvis have 
already been described. Similar changes were less common is such 
other locations as the corium of the skin and septa of the spleen. 
Though successive stages of development of the lesions in smooth 
muscle were similar in most locations, this was not true of all locations, 
and there were wide differences in the susceptibility of various smooth 
muscle cells. In general, cardiac and skeletal muscle were less sus¬ 
ceptible than smooth muscle, whereas ske^'al muscle in most locations 
was less susceptible than cardiac mus«.*e. In some instances, mani¬ 
festations of inflammation and cellular degeneration preceded the 
microscopic signs of calcification of muscle. In other instances, how¬ 
ever, the intracellular deposition of calcium seemed to occur in muscle 
which showed no definite evidence of inflammation or degeneration 
(Fig. 6). Whether these occurred or not seemed to be related to the 
rapidity of development and severity of the disease. At times, the 
stromal elements around smooth muscle cells were affected before 
there was conspicuous calcification of the cells. At other times, the •" 
cells were initially altered, and the stromal elements resisted calcifica¬ 
tion. This resistance of the stroma was generally apparent when cardiac 
muscle was undergoing calcification, but less so when calcium was 
being deposited in skeletal muscle cells. In the latter instance, the 
rarcolcmma of some fibers was calcified before the cells had acquired 
much calcium. 
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The dominance of this disease in many tissues concerned with mo- 
tion is well illustrated by the remarkable changes which occurred in 
the skeletal system. 1 -* " The first effects occurred early and were 
.. Characterized by a resorption of bone, a decrease in the prominence of 
osteoblasts, and an increased prominence of osteoclasts (Fig. 9). These 
changes were more conspicuous in cortical than trabecular structures. 

A significant amount of pathologic calcification of the viscera did not 
occur unless these alterations were demonstrable. The development of 
abnormal calcium deposits in the viscera was also accompanied or 
followed by abnormal basophilic deposits of osteoid tissue in the skele¬ 
ton. These deposits occurred not only in locations notable for the 
degree of osseous resorption but also in the bone marrow, along the 
margins of persistent trabecular and cortical bone (Fig. 10). Though 
there was some local increase in stroma which either preceded or 
accompanied the abnormal massive osteoid deposits, any close resem¬ 
blance to normal sequences of osteoblastic orientation, osteoid produc¬ 
tion or calcium deposition was lacking. The osteoid tissue seemed to 
• engulf old stroma, reticulum cells and other structures in a spreading 
wave beginning at the margin of pre-existing bone and progressively 
obliterated the adjacent bone marrow. When this process ceased, the 
customary form of normal eosinophilic osteoid tissue with incorporated 
osteocytes began to appear as local islands in the midst of the wide¬ 
spread basophilic osteoid deposits. This indicated onset of repair and 
with passage of time, the deposits were largely replaced by new bone! 
There resulted an osteosclerosis characterized by excessive reforma¬ 
tion of bone along Jines which did not reproduce the initial or normal 
pattern of bone growth. .The final result was a deformed skeletal struc¬ 
ture, usually with a porous cortex. This was accompanied by a thick 
layer of periosteal new bone, especially excessive at the margins of 
some articular surfaces, and an excess of trabecular bone which had 
encroached upon an abnormal bone marrow (Fig. 10). As a rule, the 
response of the bone marrow to calcification and osteogenesis was fairly 
consistent in the areas which remained free from fibrosis. The marrow 
which had not been replaced by fibrous tissue, abnormal osteoid tissue, 
or new bone, was depleted of fat cells and was densely cellular Hema¬ 
topoietic elements varied considerably in their relative proportions 
and stages of maturation in different animals. The commonest abnor¬ 
malities were maturation arrest and diminished numbers of mega¬ 
karyocytes associated with an increase of cells resembling megaloblasts 
or plasma cells. Conspicuous cytologic changes in the marrow were 














iff* EXPERIMENTAL HYPES VITAMIN (>SIS D ’ 409 

usually accompanied by calcification of the media of blood vessels 
which appeared to belong to the arterial system. As yet, no connection 
between the changes in hematopoietic elements and the severity of the 
disorder in other parts of the body has been established though a corre¬ 
lation with gastric disease is strongly suspected. 

The spleen was usually not severely disturbed. The earliest deposits 
of calcium occurred in the interiors of the septa. Here, fibroelastlc 
tissue and smooth muscle were elcclively calcified, but the bulk of the 
calcium was deposited in collagen. There was no consistent evidence of 
any inflammatory or degenerative change prior to calcification, although 
collagen fibrils often were swollen and irregular in outline. In some 
instances the arterial system was more heavily calcified than the tra¬ 
becular structure. Here, the main splenic artery and its major branches 
regularly showed calcification with fragmentation of the internal elastic 
membrane overlying foci of medial calcium deposition. Fibrous intimal 
proliferation was seldom conspicuous but, when found, always was 
superimposed on degeneration of the vascular wall. As the splenic 
arterial branches entered the spleen and decreased progressively in ' 
diameter, transmural calcification became increasingly conspicuous so 
that the walls of many follicular arterioles were uniformly calcified. 
Nor did the impregnation of vascular structure cease here, for L*. seme 
cases it continued into the walls of the sinusoids and outlined the 
reticular framework of lymphoid follicles. 

• *• ' • 

Endocrine and Other Glands 

The principal calcium deposits in endocrine glands were in the 
thyroid and thymus. In the thyroid the small arteries were usually 
severely affected in animals with advanced generalized disease. The 
vascular process was associated with atrophic changes in glandular 
epitb-'Mum and diminution in the amount of colloid. This in turn was 
related to variable calcium deposits in basement membranes of follicles 
and interfollicular stroma. 

The thymus gland showed conspicuous atrophy in severely diseased 
malnourished animals. Calcium deposits were restricted principally to 
Hassall’s corpuscles although occasionally there were deposits In the 
media of small arteries and arterioles. 

The pituitary never contained calcium deposits. There were unex¬ 
plained variations in the ratios of cell types in the anterior lobe. The 
parathyroid glands were normal in size and in histologic characteristics. 
The adrenal glands were resistant to calcification with deposits occur¬ 
ring only in the most severe cases. These appeared only in occasional 
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. vT^w“:i c ' 115 " aev * scu,,rsinuMi **••*«. i«* 

The testes were seldom effected, except insofar as the fflneM W * 

rasrrssEJ": wm a,ciM 

•*vcre generalized ' ' ’ “ lmnor ' a,e "“““Wi™ of 

Other glandular structures had their individual changes. The liver 
ELST afreC,ed ‘ «"» though the arterial branches « S 

S?lS e f T, lyPeS : ° f CSlciUm deposilion « branches onS 

eebac axis. Intrahepatic vessels were free from lesions. 

The large branches of the splenic artery to the pancreas were .f 

cSlfcha ab ° U i lhC Same CXtent 8S thc arteries to thespleen. The vas-’ 
eular changes decreased with diminishing size of the arterie^.LTT . 

contrast to splenic arterioles the arterioles in the w C re uta’Iv 

“T n h lD ° CCas,on21 ,obu, « °f pancreas of severely affected 
mals, the process extended into the arterioW .„,t #k- * . f ta * 

SS2S , by “7 hy ot —«* •» iStaSTJSTS 

•( elMds. The pancreatic bleta were n« 

*” d * rtert0,M “PP’yinj the submaxillar? .lands were 
•mens the most susceptible peripheral uucular 

these vessels were often densely calcified The process u*n«t f 

z':™: ? rr • r-r** ^ ’~£izzsstsz 

there wa? a tendency for other degenerative and calcific chances m 

STn li T e f rC / epi , thelial a,r0phy - “^fication of inspissated secre- 
J° n ln lhe ac,n J of 8land» or small ducts, and heavy immt^ti^ 
asement membranes with calcium. The sequence of these chances was 
not clearly defined, but the evidence indicated that vascular and eoi 
thelial changes preceded changes in the intervening stroma. P 

Central Nervous System and Eye 

TV regU,ar,y Spare ? except for smaI1 deposits Of caldum in 
tte sclera. This comment excludes any consideration of the lens be- 

caldfied.* 43 "** m,crosco P ica,,y - R«inal arteries were never 

There were no deposits of calcium in the brain or spinal cord This 
was a consisted observation and applied to all s tru-tnr~ v T 

•» <* brain SJLllZFXfcR ' 

ren^ dfiC fi. d - P0S •* b lh * Car ° t,d ’ VCrtebral and ^i°al arteries ex- 
tended from their points of origin has not been determined hut no 

vascular alteration Las yet been found in tbe intracranial or inlr^pinal 
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***“*,?“•. ve “* ls - P»nl>tmor«, the v.scul.r 5y,i OT wltlito tic 
confines ofthepia mate, and gray or while mailer waa always spued 
from calcification even around foci Indicative of chronic Inter current 
meningoencephalitis which was encountered In . few animals of™ 
current stock. our 

Skin and Adipose Tissue 

n^thihL SH r, d Chang 5 S wbich need not be described in detail. ' 
Beneath she epithelium and at a slightly deeper level in the corium, the 

lesions resembled those occurring in f.broelastic tissues elsewh^ fa 

connection with these alterations in their advanced form, there 

° f **“ tributaf y * rteri °lar and precapillary walls. 
Other histologic features resembled the early modifications inhuman 
cutaneous fibroclastic tissue designated “senile elastosis.” In the 
dccper tissues lesions were insignificant except where short stretch 
of fasda were lightly calcified and where skeletal muscle showed de- ' 
generation of the type described elsewhere. 

Adipose tissue in most locations was unaffected by the disorder, 
owever, in the retroperitoneal tissues, especially around the larger 
arteries and adrenals, severe atrophy of fat cells was encounter^? 
usually accompanied by a deposition of calcium. The principal de-’ 
P«h» «« dthc, adjacent to , fa the cytoptaamic mcmStauu o, Z 
cells. No massive deposits were encountered in the interior of fat cells. '' 

Discussion 

prob,e "\ in anal > rs! s oi the pathogenesis of many generalized 
‘ ^ 10 CXp,ain *** vagaries cf distribution rfthe 

anatomic or functional manifestations. In one patient the manifesta- 

t ,° rp ° f * d,seas f referable to a single system or some part 

thereof In another, the manifestations of the same disease maybe 

In sHllM 0 m0re w Lhan one s y $tcrn or ™re than one part of any system. * 
fw a 0tbers ’ lbe manifestations may be dissociated so that the ex¬ 
pected quantitative relations between the anatomic and functional 

W no SI? „ nd ; C ° nCCptS Which « uide linking in these matters 
' no 80,1(1 foundation m structural or functional pathology. 

belief that l", ? pcrirnen,a, stud y °f an *«n y controlled 
of » *: c de ra n 8 emcnt which produced widespread structural changes 

“T. n ‘ U, ' r th “ 0 compl “ 

l_ . gbt ,cad t0 formulation of more suitable concepts.” Wol- 
u - . dcmons trate d with well-planned experiments and great interpre- 

elegant'method 1 f * ““ ° f dc . ficienc?es and excesses °f vitamins was an 
vJSJ ap P roachm 8 problems of this kind. 1 *-” After sur- 

> ° lhlS Sublcct * il wa8 decided that a systematic experimental 
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«» 4 n>r bypervltaminosis D might be helpful for our pu™*, Jj 7 

££ 332 * ml ' ht * «■*■* ** nperimeu^^J 

-.ST, 11 d ? doKd * <“> «“<ly nay be rummuriraj 

j F St ’ deEfnera, i ve changes with calcium deposition^T 

of :r t ° r£ T and tiSSUeS - Sccond ’ lhe P attern ofd^tribution 

ph«Ll cheS T T ” 0t •'P ccir '“"> "hted to «y common 
po> steal, chemical, or other characteristic of the affrtterf -« _ _ 

£ 7 ^** comhiMfon, Third, the 44 s 

Dart hv unf 7 DOt *** same evcry ^ here but were determined in 
U “ n r a C ' araC(CriSliC 0f * e 8ffect «* organ or ti^ 

JJ y ’^ Pf tern and sequences of degeneration occurred in a re- 
^oductble fashion which could not have been predicted from a W 

edge of factors which ordinarily determine the local characteristicTof 
generalized disease processes.** 

The widespread distribution of pathologic changes was lanrelv ^ 
pendent upon the amount of irradiated ergosterol rivJTthe ZrS 

thirr 1 ffiT’ and the durat ' 0n of *** experiment. The data Indicated • 
that. sufficient quantity of the vitamin would produce minimal chan£ 

_ , 8 / ven ,n a single dose or in a series of small daily doses oCer 

a period of several days. Maximal subacute changes due to the same 

• ralcWrT i * ° r 3 d?yS ‘ The *** regime {0T ob^ining mud. 

chronic, slowly progressive changes has not been established but 

• snsri—*?: **—4 £ 

actl" chMgtT" d ' sis "' d 10 produ “ burs “ 

"•.T" °- db ' r " , “ ,io 'l <* nxhologtc alterations was constant ‘ 
S’vtn regime but varied somewhat with variation of the eiperi- 

" Mr ' 1 ' b °" CV "’ tbe tvW «« ofd^em 

orran Th .'k ” * l “ r, ' c “ lar lotali °" <» Mob affected tissue or 

organ. Then, tbe process spread to involve other tissues or the same 

r:. 1 : * ***. »< >«*«<»». ^ * * iKtl w i,™ 

.tange until the antecedent pattern of degeneration was set. Each 

• bad?!^ °, "f? ' aCh a " cc,cd ,oc *' io " i0 ««* affected o4s 
bad a definite level of susceptibility to the degenerative changes This 

nous order of susceptibility to degeneration with calcification led to 

the conclusion that each type of cell or tissue in a functtanalV fate 

~7 bad a characteristic degeneratlon-calcification po'tential 

4h 4 ' "f e " , l al .« ,l>d amon S different integmed sys- 

s. Hence, the succession of tissue alterations might be regarded*** 

a result of the operation of four mechanisms. The first mechanism 
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raised the calcification potential of the tissue. The second raised the 
calcifying potential of the environmental fluids. The third was con- 
cemed with adaptation, and the fourth with restoration, 
ft is generally accepted that the best way to increase the calcific*. 

U °. n POt ,' n ia «°, f - * CC 1 ° r tiS5Ue Which docs not no ™a»y calcify is to 
reduce its viability without bringing about rapid structural disintegra- 

tion. In the present experiments, it was clear that there was a reduc¬ 
tion in viability of certain cells and stromal elements. It was not clear 
whether the reduction preceded or followed the deposition of calcium 
salts. If reduction in viability preceded calcification, there was at this 
stage little evidence of customary findings of lessened viability. In 

° thC ear,iest evidence of modification of stroma or cells did 

not definitely precede evidence of calcification in many locations, 
•urlhermorc, in most pathologic conditions, the reduction of viability 
of stroma and cells ordinarily initiates a sequence of inflammatory and 
regenerative reactions before calcium deposition becomes conspicuous. 
In the present study, this was not encountered as an early reaction in 
. any location, except perhaps in certain muscular tissues, and then only 
in connection either with intolerably high dosage or intercurrent infec¬ 
tion However, under these conditions, conspicuous Inflammatory 
reactions did not occur prior to degenerative calcifying changes, and 
the reactions were restricted principally to the arterial systems in 
cardie and skeletal muscle. Usually, the reactions were confined to 
the media and adventitia of arteries, but in the severe cases there was 
a spread into neighboring muscle. The distribution of the inflammatory 
reaction, when it occurred, coincided with the distribution of the de¬ 
generative calcifying changes which developed without signs of in¬ 
animation in muscle of other experimental animals. From this it may 

* ,n ? r . r 1 d ^ some factor '"creased the degeneration-calcification 
P ential in all instances, but an inflammatory reaction was not elicited 
except when it was excessive or when other factors, perhaps related to 
Intercurrent infection, were introduced. In any event we must admit 
tne possibility of a more complex form of local tissue potential which' 

T . 8 1 bc ca,Icd an inflammation-degeneration-calcification potential. 

us, under the same systemic conditions local factors may induce 
various combinations of inflammation, degeneration and calcification 
o occur at the same time in different organs or in the same tissue types 
>n different organs. 

The second mechanism seemed to be related to the composition of 

to?MV. na< ^ d f ar,crial b,ood and t0 special units of tissue integrated 
8 i . ? thC P erform3n( * of some particular function. For instance 
P asis has often been placed upon the deposition of calcium in tis-’ 
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sues concerned with add secretion wi «. . E 429 

w - . e w dUhEusr ssss* 

likelihood of local precipitation of calcium phospha eTnd 
Inasmud, as arterial blood is ordinarily more aWe ^ 

Wood, the view may be taken that through diffusion, systemic ££ 
walls may be more alkaline than venous walls, the reCe«e bTine ^ 
the pulmonary system. The view may also be taker, that the afkaLvS 
of oxygenated systemic arterial blood decreases progressively with 1 
creasing distance from the alveolar capillaries andTnules TT^ 7 

jh* “ fl rf dS °- • thC VaSCUl3r Wal1 rcflecl ** locaI alkalinity of 
“ 00d / the . dc P° sulon of calcium and associated degenerate 
anges °f constituent tissues might be expected to fail off progressive^ 

t“*T^ thC artCrial b,0od - ,rhe niicroscopic obsena 

Ils J^rTh f* u! W3S n0t ^ "• *» a further analy^f 

as hTZy ng, 1 ney and Stomach ma y be considered separately 
as the three principal act. secreting organs. 7 

. 7 !’ C0 ) retI I Ca,1 y> * mi " ht be Predicted that the region of maximal 
kalinity in the lung would be in connection with the blood in the 
postalveolar pulmonary venules, and that maximal degenerative calci¬ 
fying changes would occur in the walls of these vessels Tn tn“raT 

“7! the , CaSC (Flg ‘ 4) ‘ There were ne GUgible lesions in the pulmo-' 
r~ S7StCm ; Ind lbe conspicuous changes were initially found 
7 s °f # . ,nteraK ; eo, ar capillaries and adjacent interalveolar 
stroma. Later, the venules and small pulmonary veins were affected. 
Insofar as the respiratory passages are concerned, if w- accept free 
d.f£s on of gases into tissues, the level of maximum alkalinity would 

chanVes'wT//" 3 " (FI& ^ U m5 * ht b * Predicted that the 
In JnrZ l b,e m 7 e C ° nspicuous here tha " in the terminal bronchi 

chants ’ ?' S f °! ,nd ' The trachcaI slnj ctures showed the earliest 

changes, and as a rule calcification along the respiratory passages 

w h e inct Pr0gr !t SS1VC,y !dCmiCal tiSSUC <7peS in locations 

W 8 l! ? CC fr ° m thC !arynx> In 3 consideration of this 
’ . . C . r ’ 0th 7 factors have t0 be considered. First, the lesions 

^ a gten'leTd^ ^'H'r^ "7 r ' Spiral0ry P 3553 ^ not uniform 
!! ag i VCn 1 Tbe earlicst changes were either in goblet cells of the 

^mitvTf th, i Sl ? ja 7 nt Str ° ma - Wlth defeasing Ume and 
severity of the disease, the changes spread circumferentially and also 

n a very spec fic way in depth. The circumferential spread finally led 

0 involvement of the entire basement membrane rone and an incJeas 

ing span of epithelium. The spread in depth tended to skip the loose 

ot t m r ? and ,o * «• 

vessels nearest the subepithcl.al rone of calcifica.tion, the smooth 
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muscle In the neighborhood, and the part of bronchial cartilages con- 
tl^ous to the maximal mucosal changes. Thus, it seemed that the dis¬ 
tribution, the sequences, and the magnitude of lesions were determined 
by the operation of local influences, as follows: alkalinity of environ- 
mental gases and fluids, type of tissue, type of cell, and the locally 
integrated functions of susceptible types of tissues or cells 
An analysis of alterations in the stomach may also be attempted In 
terms of relative alkalinity of parts of an acid-secreting organ One 
might postulate that maximal alkalinity would be in relation to the 
venous blood flowing from the icid-secreting mucosa and that maximal 
calcification would occur in the tissues supporting the acid-secreting 
glands and m the walls of vessels leading from these tissues. This was 
not found even though, when mucosal changes did occur, they were 
restricted to the acid-secreting mucosa and to the tunica propria or 
cells of glands responsible for this function. Such ch*.,ges, however 
were inconspicuous in the early stages and often followed the develop 
ment of prominent changes in the walls of arteries, the tunica muscu- 

r SC , U l ari f mUC0Sae (I 5 )- Veins or venules were seldom 
affected. It might be assumed, therefore, that if relative alkalinity 
governed the distribution of the lesions in the stomach, it would have 
- !,° 0perat * *" a curious throughout the gastric -all. Consequently 
It seemed that an inquiry should be made into th« role of locally inte-’ 
pated functions of susceptible types of tissues or ceils. It was apparent 
that the calcification was not a disorder of the acid-secreting gastric 
mucosa alone but a disturbance of the full thickness of the gastric wall 
concerned with add K cr.„o„. F „, present purpose,, the 'dd^ 
g part of the stomach should be considered transmurally as a func¬ 
tional umt, separate and distinct, pathologically, from the remainder 
I the stomach. We have no explanation as to why the arterial system, 
he tunica muscularis, the muscularis mucosae and, to a lesser degree 
he mucosa of only this part of the stomach were so severely affected 
this degenerative calcifying disease. It offered a puzzling example 
«localization of pathologic changes in all susceptible tissue types in a 
unctiona ,y mtcgratfd system in a special location. The remainder of 
1 ® St .? a traCt ° ffCrcd 0thcr P rob,cms in ‘his connection; namely 
tni rrr™ ° {invoIvemfnt the tunica muscularis at differ- 
VariaWe rcsislance of different mucosal types to the 
•nrf # thC rcs,riclion of sc '’ erc arteriolar disease to the duodenal 
to a lesser extent, colonic se«* ^ent of the intestinal tract. 

to a u! . lhe * tyPC f ° Und in dnc y have a!so bcen attributed 
Ii /f 81 a,ka,osls > secondary to secretion of acids by the kidney.'*-” 
'ght be predicted therefore that changes would occur in that part 
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of the kidney just distal to the postabsorptlve tubulovascular structure 
or In some special region concerned with selective absorption of alk*! 
line elements or selective secretion of acidic elements. Actually^ 
earbest alterations occurred in the cells of the proximal commute! 
tubules, soon thereafter in the basement membranes of these tubules 

IatW ln lhe artCr!al SUpp,y t0 the afrected ne Phroa 
rather than the venous return from the nephron (Fig. 7). Thereafter 

e arterial tree was usually progressively involved with increasing 
severity (Figs 8, 15). It was concluded that within the limits of 
present knowledge of renal function, other factors than local alkalinity 
determined the distribution and sequence of the changes. As in tie 
instance of the lungs and stomach, these factors were concerned with 
the interrelationships between susceptible tissue types in a functionally 
ntegrated system in a given location. The spread of change*, Z 
kidney demonstrated this very well. In the early stages onlyafatto? 
Ing of total nephrons as complete units showed lesions, but these were 
the nephrons with short arterial connections close to the meduDo- 
cortical junction. As more lesions developed, the intervening nephrons 
with similar arterial connections were afrected. With Increasing time 
and severity of the disease, there was a spread of the changes diita3y 
toward the capsule, but seldom did the animal live long enough to 
show much alteration in the nephrons of the peripheral third cf the 
. conex. As cortical spread developed, there was a similar spread of 
changes in an ever-broadening medullary zone within which the mednl- 
tary loops of the successively affected nephrons were presumably lo¬ 
cated These sequences are presumably related to the distribution of 
functional load rather than of a specific secretory function among a 
system of nephrons. * 

The preceding comments have touched upon local factors such as 
alkalinity, type of tissue, type of cell and locally integrated functions 
of susceptible tissues or cells. Muscle cells were among the least 
resistant, the order of decreasing susceptibility being smooth, cardiac, 
and skeletal muscle. Furthermore, the most readily affected compo- 
nent of these cells was the contractile protein, especially the “A" disk. 
Among the stromal elements, the severest lesions appeared in elastic 
tissue, basement membranes, the matrix of cartilage and the sarcolem 
mal investiture of muscle cells. Cellular and stromal elements were not 
equally susceptible in all locations. Hence, the development of tiiis 
systemic metabolic disorder did not result in a generalized modification 
of a given element, and this is analagous to the effects of certris 
toxins.”- 1 On the contrary, it led to conspicuous modification^ of 
these elements in specific locations without changes in identical suuc- 
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(ures in other locations. The extent to which this selectivity may be 
attributed to unrecognized differences in elements assumed to be iden¬ 
tical, remains an intriguing problem. Certainly there are good reasons 
for believing that the composition of structures such as smooth muscle 
cells, collagen, elastic tissue, basement membranes and cartilaginous 
matrices is not the same everywhere. By the same token, the func¬ 
tional burden to which these elements are subjected is not the same 
everywhere. 

The third mechanism was concerned with adaptation. Three adap¬ 
tive activities deserve mention: the intimal proliferative reactions in 
arteries; the excessive production of atypical osteoid matrix following 
extensive resorption of bone; and the regression of the disease despite 
continuation of the same dosage regime which produced it The dis¬ 
cussion of these and other less obvious adaptive reactions awaits the 
completion of more prolonged experiments. 

The fourth medianisrp was concerned with restoration, principally 
the resorption or elimination of abnormal mineralized tissue, and the 
regeneration of tissues to replace those attacked by the HiJay. The 
salient feature of this mechanism was its indolence. In the respiratory 
mucosa, desquamation of calcified goblet cells and regeneration of basal 
cells to replace them we»e sluggish processes. At limes, the regenem- 
I ve sequences took a metaplastic trend so that the degenerated epithe- 
Hal layer was replaced by one or more layers of stratified squamous 
epithelium. Wherever this occurred, there were local defects in the 
basement membrane and chronic inflammation in the sub’ cent mucosa. 
The mineralized basement membranes also tended to persist beine 
very slowly resorbed (Fig. 3). With increasing mineralization* there 
• was increased fragility of these structures. Fractures developed and 
discontinuities .thereby created seemed to stimulate local proliferation 
and accumulation of histiocytes. These commonly formed multinu- 
, ted pant cells which slowly res.rbcd the mineralized stromal struc 
Zl ^encapsulating it completely. As this proceeded, the 
nunerahzcd basement membrane seemed to migrate to a deeper level 
nd a regenerated stromal support appeared as a new structure between 

Ln T' rCSp,ral0ry cpithellum - Similar mechanisms of encapsula¬ 
ted resorption were encountered as far distally as the alveolar 
c s but were seldom detected in connection with the calcified com- 
JT ° f a 1 lveo,ar waUs or pulmonary vascular channels. Alveolar 
emnV. SCCmCd L l0 f break d0Wn s P° ntanc °usly with the production of 
^c^rupUjrc'(Fig. 4 ^ thCSC mechanisms Participated in 

The behavior of the mesenchyme adjacent to abnormally mineraUzed 
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cartilages along respiratory passages was also interesting. Intense 
mineralization was usually conspicuous on the mucosal side of the 
cartilage. The perichondrium became less distinct, and the margin of 
the calcified matrix acquired a moth-eaten appearance. Capillaries 
occasionally invaded the marginal lacunae, and in some there 

was active formation of new cartilaginous matrix by proliferating 
chondrocytes. These activities resembled those which normally occur 

• at provisional zones of endochondral bone formation. The overall re¬ 
sult here, however, was the slow resorption of the heavily calcified 
bronchial and tracheal cartilages without osteogenesis. 

Resorption and regeneration were still more sluggish in the kidney. 
Calcified lubulovascular components of the nephron seemed to endure 
without resorption or regeneration for at least several weeks. Evidence 
of regeneration of tubular epithelial cells of affected nephrons, com- 

• pensatory hyperplasia of tubule? of spared nephrons, interstitial 
fibrosis, inflammation, arteritis, glomerulosclerosis or other "responses 
were never significant. The principal reaction occurred in the pre- 
corlical and large Cortical arteries. Here, there was intimal prolifera¬ 
tion, excited less by degeneration and calcification of the media than. 
by discontinuities due to fractures of calcified internal elastic mem¬ 
branes (Fig. 15). Whatever lesser reactions occurred in the subepi- 
thelial stroma of the renal pelvis were similar in most respects to those 
described in connection with the basement membranes of the respira¬ 
tory tract 

' « 

Resorption and regeneration in relation to the add-secreting part of 
the gastric wall were also very sluggish. The mucosal structures ' * ' 
not very responsive to the degenerative changes. The intimal rear .v. 
in the arterial tree were more active than in other organ systems, and 
the proliferative reactions also extended further into the smaller 
arterioles. The muscularis mucosae and the tunica tnuscularis showed 
the most conspicuous evidence of resorption and regeneration. In 
both locations, the degenerated calcified smooth muscle and interven¬ 
ing stroma often stimulated local histiocytic and giant cell reactions. 
These cells assisted in the resorptive process. Also, at times, there 
were many large pale elongated immature elements which appeared u> 
be regenerating smooth muscle ceils. In no case, however, was there 
significant leukocytic infiltration, local vascularizing reaction or 
fibrosis. 


The complexities of resorption and regeneration in the skeletal sys¬ 
tem were difficult to interpret. Initially, the resorption of bone was 
accelerated, the number of osteoclasts was increased, and the number 
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Of osteoblasts was decreased (Fig. 9). Acurious piolIferaUve process 
followed, resulting in the formation of a large amount of abnormal 
osteoid matrix beneath the periosteum and in the marrow around the 
residual cortical and trabecular bone (Fig. io).‘*>» Though this 
matrix may be called "osteoid," it was more fibrillar, less homogeneous 
and much more heavily stained with hematoxylin than normal osteoid 
tissue. Furthermore, there was no relation between the voluminous 
deposits of matrix and any particular array of cells which resemb’ed 
osteoblasts. The tissue looked more like collagen which had as much 
affinity for hematoxylin as any of the extra-osseous calcified stromal or 
cellular elements. With onset of repair, normal eosinophilic osteoid 
fissue and bone appeared in the midst of this voluminous basophilic 
fibrillary material which was resorbed. It was conspicuous only when 
extra-osseous calcium deposition had essentially ceased or in the period 
following termination of ergostcro! administration. The prompt and 
rapid formation of bone was more pronounced in connection with the 
peritrabccular matrix and in the subperiosteal regions adjacent to the 
margins of articular cartilages. This led to a deformed osseous frame- 
work with depleted porous cortical bone, an excess of periosteal new 
bone, an excess of endosteal bone, and a coarse dense trabecular struc¬ 
ture displacing the marrow. The final result had some resemblance to' 
osteosclerosis of a pagetoid type with myelofibrosis (Fig. 10). The 
development of atypical hematopoietic elements as these changes en¬ 
croached upon the bone marrow is beyond the limits of this discussion. * 
,hal, y» * l wa f c,ear » moderate dosage regime was most effec¬ 
tive in the first few weeks. As the regime was continued, the expected 
progression of pathologic changes failed to occur, and evidence of the 
disease slowly disappeared. This was attributed to the activation of 
obscure mechanisms which provided increasing tolerance, resistance 
or immunity to the action of excessive vitamin D. In the light of cer- 
min degenerative calcifying human diseases, an inquiry into the nature 

^portMcl aPUVC an<1 rCSt0raUve mechaniims would seem to be of first 

StJMMAXY 

* *" !crosc °P> c study of the evolution of bypervitaminosis D in rab- 
disc'oscd generalized pathologic sequences which were due to 

Mo. y ^ Ver5,b, . C . Inflammat0ry ’ dc S cnera tive and mineralizing proe¬ 
ms. The participation of these processes in the pathogenesis of the 

durv* " ? 6iVC " ,0Cati0n Was governed principally by the level and 
amoll? • d0Sage . wi,h the vitam in. Administration of the vitamin in 
s just sufficient to produce pathologic changes in 2 or 3 weeks 
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led to mineralization of certain tissues which do not normally calcify. 
Under these conditions the deposition of calcium occurred without, 
significant preliminary local structural modifications attributable to 
Inflammatory or degenerative processes. When somewhat larger doses 
of the vitamin were used, abnormal mineralization of tissues was often 
preceded and accompanied by structural changes of a degenerative 
type. In order to excite significant early inflammatory reactions, still 
larger doses of the vitamin and perhaps other factors were required. 
These reactions occurred only in cardiac and skeletal muscle. They 
were localized to the walls of arteries, periarterial tissues and adjacent 
muscle, in which there were signs of progression of degeneration and 

mineralization. * • 

Studies of restorative phases of the disorder disclosed evidence of 
. reversibility and resistance to progression of these processes. The in¬ 
flammatory reactions in muscle subsided, and mild indolent reparative 
reactions appeared in many degenerated mineralized tissues. Further¬ 
more, additional degenerative changes seemed to progress very slowly, 
if at all, while, at least in some locations, the process of mineralization 
was slowly reversed even though the dosage was maintained. The re¬ 
versal was characterized by the resorption of abnormally caJdfied 
matrices. At times, this occurred spontaneously, but as a rule the 
resorption was associated either with mobilization of macrophages and 
giant cells or penetration of the calcium deposits by vascularized 
stroma. The signs of reversal were usually preceded or accompanied 
by resumption of osteogenesis in the abnormal osteoid matrices in bone. 
The same type of tissue or cell in different locations was not equally 

affected by the inflammatory-degenerative-mineralization mechanisms, 

presumably because of a difference not only in the composition of tissue 
gases and fluids from place to place but also in the susceptibility ofa 
particular tissue in different locations. The latter was governed pri¬ 
marily by participation of a cell or tissue in a functionally integrated 
and spatially related system which had in one or more of its parts a 

high calcification potential. . 

The designation of function as adding to or detracting from the m- 

flammatory-degenerativc-calcification potential of a given structure 
led to a better understanding of patterns of the disease, especia y t® 
the respiratory tract, kidney, stomach, muscles and arteries. It may 
also assist in the future analysis of the reasons for the resemblance 
between certain structural changes in this experimental disease 
those encountered in some presumably unrelated human disorders 
which arc indolent, fundamentally degenerative, and ordinarily at¬ 
tributed to ill-defined metabolic derangements of advancing age. 
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Among these, senile osteoporosis, hypertrophic arthritis, pulmonary 
emphysema and arteriosclerosis deserve more than fleeting considers- 
lion, so long as it is recognized that identity of structural change does 
oot imply identity of pathogenesis. 
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LEGENDS FOR FIGURES * " * i 

P»ai. Multiple,, focal, inflimmatory-dcgenerstive-calcifi cation charges is the 
myocardium of a rabbit given 600,000 units of viosterol in a weeks. The in¬ 
flammatory reaction is located principally in and around the walls of nal 
arteries and arterioles which in turn are surrounded by cardiac muscle showing 
egenmiion with early cilcificalion. Hematoxylin and cosin stain. X «irr 

Pta. a. Massive calcification of cardiac muscle in a rabbit given r.xoonoo units of 
viosterol to 7 weeks. The degenerated calcified muscle cells have radtrafe 
bransyerae fneturra through which proliferating stromal elements have grawa. 

• s ®^ te< *. f *' c,fied fwpoents of cells have undergone partial resorption. 

There is no inflammatory reaction. Hematoxylin aod easin x 15a 

Pto. 3. The tracheal mucosa of a rabbit given r.roo.ooo uniU of viosterol to 7 
weeks. Inlra-epitheUal calcification Is in tbe form of concentrically laminated 

' ** em 10 deve,op exclusively in the goblet cells. Tbe sub- 

epithebal calcification Is concentrated in the darkly stained fragmented has*- 

, ^^ ( ^ ane ‘ ^ 0t * ,he * blence of inflammation. Hematoxylin and cosia 

f 1 rrl P . htr | J | **'? of * he ,un 8 of * rabblt p ,vcn *,*00.000 units of viosterol 
I? . a C v *' l f . mj ? x> ^ n bA1 * »t f ong affinity for calcified tissue, demon- 
“T* aVif “ <,tep, y; 5 ^ ined Llack segments of an emphysematous alveolar 
wall and the enure thickness of the wall of a small pulmonary vein. Thee 
changes in alveolar and venous walls regularly occurred together and were 
independent of inflammation. Hematoxylin and eosin «>»<" x 500. 
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Fic. j. A cross-section of the wall of i port of the stomach concerned with Mat- 
tie* of hydrochloric acid. The rabbit from which this section was made **« 
given 1,600.000 units of viosterol in 14 weeks. Hematoxylin has an afinsty 
for calcified tissues, shown as irregular small dark areas in the mucosa, m the 
trails of submucosal arteries, in the bundles of smooth muscle of the timer 
half of uS.* tunica muicularit and in the wall of a small serosal gastric artery. 

• Hematoxylin and eosin stain. X 40. 

FlO.fi. A high-power photomicrograph of one of the small darkly stained raldficd 
areas in the t unit a mutcularit of the wall of the stomach shown in Figme j. 
showing degenerated smooth muscle cells in the midst of granules and filaments 
of calcified protoplasm demonstrated by its strong affinity for hemateaySn. 
The small calcified granules are in the cytoplasm of the muscle cells. The 
tortuous calcified filaments are external to smooth muscle cells and seem to con* 
list largely of interstitial fibrous or reticular dements. Hematoxylin and cosia 
stain. X 600. 
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Fk5 *** cortex and medulla of a kidney from a rabbit given 1.000,000 units rt 
viosterol m j xeekt. Si* weeks later the animal was sacrificed. Tbe loss rt 
normal structural detail is apparent fn the inner half of tbe cortex and in a 
narrow transverse son; in the middle of the medulla. The small dark spots 
represent calcified structures in these s locations. The intervening fig£w 
stained areas which are more conspicuous in the cortex are places where pro¬ 
liferating connective tissue has replaced degenerated tubulovascuiar units af 
nephrons. This represents an early stage ol resorption of mineraUaed tissue 
with repair and regeneration. Inflammation is negligible in the kidney at all 

eosinsUin^Xjj d * VflopMem 0r rf * rtMion of the A***. IJeualoiyGn aad 

Fto. S. A field in the inner third of the cortex of a kidney of a rabbit given 

units of vioMerol in 4 *«k*. This shows early calcification of glomerular 
structure v * minimal associated -Iterations in tubular structure. The calcified 
elements have an affinity for hematoxylin. There is a tendency for calcium to 
accumulate in isolated glomerular loops. In one glomerulus the accumulation 
is in continuity *;th the calcified wall of the arteriole entering the glomeruh*. 
Hematoxy lin and eosin stain. X a jo. 
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Pic. 9. A longitudinal section of a rib from a rabbit given r.aoo^oo uniu of 
viotlerot in 4 week*, showing widespread resorption of bone with conspicuous 
porasity of cortical bone, fibrosis of the manow, and early subperiosteal tfc. 
pruilior of osteoid tissue. The changes are characteristic of the disorder be- 
Ueer. the third and fifth weeks. After about the fifth week, the change* 
illustrated in Figure 10 become increasingly dominant Hematoxylin and ~ H m 
stain. X60. 

F10. to.. A longitudinal section 6f the vertebral column of a rabbit given 1.>00,000 
units of viosterol in ta weeks. The resorption of bone, typical of early stages 
of the disease (see Fig. 9), has led to partial collapse of a vertebral body 
which is at this later stage undergoing an osteosclerotic pagetoid change. This 
is characterised by excessive deposition of osteoid tissue which has a conspicu¬ 
ous dark color due to its affinity for hematoxylin. Much of this abnormal 
osteoid tissue has been converted to bone, producing a dense trabecular struc¬ 
ture which has seriously encroached upon the marrow. Also, note the prolifera¬ 
tive changes which have produced "spurs" of new bone at the margins of the 
intervertebral disks. Hematoxylin and eosin stain. X 10. 

Fie. 11. A cross-section of the wall of (be thoracic aorta of a rabbit given 600,000 
units of viosterol in a weeks. The inner third of the elastic tissue framewoik. 
stained deeply with hematoxvlifi. is uniformly impregnated with calcium. Note 
the absence of any inflammatory reaction though only a trace of residual cellu¬ 
lar structure remains between the calcified elastic lamellae. Hematoxylin and 
eosin stain. X >50. 

Pic. 1*. A cross-section of ap iliac artery of a rabbit given 1,000,000 units of 
viosterol in 3 weeks. The segmental darkly stained areas represent subintimal 
bar -i of calcific deposits in the inner half of the media. These discontinuous 
deposits tend to spread in alt directions until they occupy the entire metfia- 
Meanwhile, there is a reactive proliferation of the intima which in time tend*, 
as shown, to be equal in thickne>s to the part of the subjacent uedia inacti¬ 
vated by calcification. Hematoxylin and eosin stain. X 30. 
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Flo. 13. A cross-section of • carotid artery of a rabbit given 1 ,000.0 00 units af 
viosterol in 15 weeks. From the lumen outwards 3 distinct aoaes are shown 
They are of almost equal thickness. The inner tone is composed of probferatag 
fibrocellular inlimal tissue. The middle tone, deeply stained with hematuyKa. 
is the inner half of the media which has been uniformly impregnated web 
calcium. The outermost aone is the eatemal half of the media which has bam 
unaflccted by the disease. Hematoxylin and eosin stain. X 3*. 

Fic. 14. A pancreatic artery of a rabbit given 1,600,000 units of viosterol mis 
weeks. The darkly-stained material in the vascular wall is calcified tissue whh 
a strong affinitv for hematoxybn. The deposits of calcium involve most of the 
Internal elastic membrar- and a modest amount of the media subjacent ta the 
calcified parts of the internal elastic membrane. Three short stretches 
the internal elastic membrane and adjacent media are normal The fcoae- 
textured fibrocellular tl:vue internal to the calcific deposits is prolifentisg 
inliiua. Note that intima! proliferation did not occur over the 3 stretches 
internal elastic membrane which were unaffected by the calcific disease. Hema¬ 
toxylin and eosin stain. X « 5 - 

Fic. .5- A small artery and adjacent arteriolein t hc renal cort a of a rabbit pnm 
1 <00,000 units of viosterol in j weeks. The walls of these vase heartflr 
calcified as indicated by the strong affinity of the medU far ■®*“*T** 

. Swollen intimal cells with their nuclei projected away *"»**«. 

toward the lumen of the biger artery represent the earbest mUmal rocuan 
to degenerative calcifying medial disease. Hematoiyba aad eosm sum 
X 600. 

FKf. 16. A tiny arteriole In skeletal muscle of a rabbit given 
viosterol in y weeks. The med.a of the artenole, 

toxytin. is uniformly calcified. The swelling of the inurna has reduced^**- 
of the lumen. In the adventitia there are a few- 

a mild form of |>criarteritis often found in cardiac and skeletal muscle 
bits dying of pneumonia dunrg the course of a high-dosage viosterol ***** 
Hematoxybn and eosin suin. X 5 00 - 
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. June 1959 , pages 35* 36. 


L. K. Kercs 
Candidate of the 
■nodical sciences 


; Ac is known, vitamin D is .accumulated in the organism, and its exces¬ 
sive end prolonged use may cause toxic phenomena• 


The majorit y of phasa a 
ar.vin D oxceeds by severe: 


gy textbooks point gat that a toxic dose 


Clinic Kosplt&l during recent years, vc cannot agree vith this statement. 
Here it an example. 

Kay R. is 14 months ol d. Over a 4 -month period, the mother adminis¬ 
tered to the child, "because of the onset of rickets, a spirituous solution 
of vitnriu D, in all — 7.5 million units, or an average of 62 .5 00 units 
doily, Clinical symptoms of vitaruinosic appeared during the third-EQsth, 
after the child had "been given, in tlie aggregate, 6 million units of vitn- 
jfdn D. Vno child lost hor appetite and there vero jr.uuifestations of consti¬ 
tution, apathy, and a subfebrile condition. Kmecic vas rarely observed. 

Tno child lost 2,100 grans of weight during the la6t two months. 

Bofore her adr.ilecion to the hospital, the little girl had been apa¬ 
thetic, at times capricious. Kor had she "vented to play or stand. Noted 
was the complete absence of api/Stitc, intense constipation, cxicosis (e’/.si- 
koz), unusual skin dryness, and in the evenings a cub febrile temperature. 

Vho Sul 1 kovlch urine reaction was clearly positive; in the blood serum, the 
quantity of inorganic calcium was 20 milligrams $• The erythrocyte sedi¬ 
mentation reaction ranged from 10 to 44 millimeter a per hour according to 
Panchord:o's method. Coccrved in the urine vero tracer, of .protein and the 
usual unit leukocytes; but at times a largo quantity of leukocytes vero 
encountered, as veil as erythrocytes ^in a greatly augmented viewing field. 
Arterial prossure roso to 110 /pO millimeters on the mercury column. Follow¬ 
ing the discontinuation of Vitamin D, pathologic olcmnuts wore observed in 
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thu urine for a month, tho amount o.r cvlciiua In tho blood was raised vith- . ,, 

in 1.5 raatlw, subfcbrlle lcc.;>eratuvs3 continued for 2 months, and an aeccl- El *51 ; •» 
orated orythrosyto sedimentation-reaction vus noted for 2.5 months. ' 

, *« 

X:\ thio manner, .0 move tenfold ^ the daily therapeutic 

dosage of vitamin Dover c. four-month period caused h gravecaso or h yper- ' ! 

vltaminouis i) in the child. 

• • 

According to the data of V# A. Vlasov and V. K. Stolyarova, no con- * ■ 
r.sction was observed between the qiumtity of introduced vitamin D and intox¬ 
ication phenomena* 


Appearing in recent years have been data oa a special nosological 
\u^.t in young children, the so-called idiopathic hypercalcemia (R. Light- 
vood, J. M. P. Dawson, and others; X. G. Love and others; D. G. Gretry and 
D. W. Kelli and others; I. 0 . Forfar and others). During this illness, ... » 

children uro observed to be afflicted vith hypercalcemia (12-20 jd-lligrcxus * . ! 

V), although, at tho some timo, tho content of inorganic phosphates and * 

a lk a lin e phosphntusos in Vac blood scran nro normal. Tho alkaline reserve# 
of the blood arc usually normal end the content of guKxs 2 globulins is 
increased. Many rcooarehers have observed hyp^rcholtctcrineuia. Such a 
condition has been noted in children during tho usual or a somewhat increased 
dose of vitrain.D. Tho hypercalcemia syndrome is clinically pronounced and, 
therefore, the picture of the disease is ciioilor to hypervitaisinocis D. • » ’ 

Daring grave form of the disease, a child's visceral calcinosis cuy bo ob¬ 
served. Grave forms of this disease cay either prove fatal or be overcoxa ' •’ - 
(Th. Stapleton). i ! , 

• • . ‘ 

Hiring so-called idiopathic hypcrcalceraiu, the resorption of calcium 
in the intestine is increased. Usually 35$ of tho calcium in cow's milk is 
absorbed; vhen vitamin D is administered, up to 5 <# is absorbed; and with 
hypercalcemia, up to 60 j» (K. 0 . Korgan, et al.). Tne reasons for tho appear¬ 
ance of this disease are not yet clear. There is an opinion that one of the 
cost frequent causes is on individual's increased sensitivity to vitamin D, 
since the administration of this vitamin causes tho illness to vorsen, end 
its discontinuation results in an inproveraent. Contributing to the d-velop- 
cent of idiopathic hyr-ercalrcsia is the ingestion of food vith a large cal- 
• cium content. Because of tills, it is primarily encountered in nonbreast- ’ 

fed infants, for the calcium content of cw'u milk is H.5 times higher ♦>«»»» ‘ 1 

that from a cothor's breast. Also contributing to the development of ; J 

hypercalcemia is the use of food vith alkaline- surpluses and tho avilica- ' • j 

tioa of radical preparations causing alkalisation. •* J 

•’ : 1 

^ • J 

Tne following observations demonstrate hou differently an organism ; 

can react to tho introduction of vitamin D, 

• • . ! 

Xhol'gi K. io six months old. The mother, on her own initiative, , 

treated tho child for a flourishing case of rickets with a buttery solution • 

of vitamin D over a li-cor.th period — in all 2.5 million units, or on aver- * ' i 

ago of 20,833 units daily. Within 2.5 months, tho infant bcccco restless . j 

and lost her appetite. This vas followed by emesis and constipation. Dur- 
ins the last month, she lost 700 grams of vcight. The female infant became * * 
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torpid. und had n. subfcbrilc tom;>crut\irc. beginning on tho infant's fourth 
month, clio van given q Mixed feeding and at 5*5 wonthc, cho vac given an 
artificial feeding. 


E45? 


When admitted to the hospital, she had the following symptoms: tho 
infant was torpid, laughed rawly, und had u dry chin; tissue turgor vu3 
reduced; first-dogree hypotrophy vur. present; there was a lack of ::ppotitc; •. 
the tongue was coated; tho infection of food vac almost alvays followed by '* 
c:.iesi&; end constipation und a eubfooriio condition were obscr/ed. The Sul'-_ 
ko/ich reaction vac positive; the calcium content of blood scrum v:.o 15*5 •* 

milligrr.us.’£. Tho erytlirocyto cedi Mentation reaction vaj» 35 millimeters per 
hour. Tee urine manifested no pathological changes. Following the discos- . 
tlnuation of vitamin D, the attitude of the infant gradually began to improve, 
and her weight increased. The calcium content of the blood returned to the '•* 
normal level vithin a month, and tho erythrocyte ccdimoctation reaction vithin 
tvo months after the discontinuation of vitamin D. | 

i ■ 

Thus, a mere twofold increase in tho dose of vitunin D over a four- 
month jicriod caused a hyporcalccnic condition in tho child who vuc on a mixed 
feeding. . *■' \ 

Val'deko K. vac ten months old. During the last 4 months, because of 
a slight ease of rickets, the mother ^dminictored regularly, twice dolly, 24 
drops (12 drops each tiro) of a buttery solution of vitamin D (l.OJO million 
units) aicounting to 40,000 units daily. Hiring the 4-month period, the 
infant vas given 2.25 flasks of the buttery solution of vitamin D, which { 
totaled 3.375 million units. The infant manifested no clinical symptoms of 
hypervitaruiuouls D. The calcium ccr.tont of blood sc.urn vac 11.4 milligrams 
£. Only by roentgenogram vas it possible to observe a more extensive calci¬ 
fication in tho epiphysis of the tubular bones. 

' In this case, not even a tenfold increase in the dose of vitamin D 
over a four-month period caused clinical symptoms of hypcrvitaminocis to ap¬ 
pear in the child. 

The above-mentioned illustrations de:conctrete hov differently an organ¬ 
ism can react to the introduction of vitamin D. This reaction depends, in 
all probability, on the specific characteristics of on organism, tho state 
of heightened sensitivity or resistance of an organism. 

The literature end clinical data presented above chow that hypercal- 
cemlc Phenomena cay appear even with the administration of a low dose of 
vitamin .D. When a preventive or, therapeutic treatment of rickets by vitccin 
D results in a loss of appetite without any apparent cause end tho appearance 
of apathy and a loss of weight, it is essential to discontinue vitamin D 
ixcrcdiatcly. In addition, it is necessary to determine tho calcium content 
of the blood and take a roentgenogram of tho cphiphysca of tho tubular bones. 

. Tho treatment of hyporvitamlnosis D and so-called idiopathic hypercal¬ 
cemia must be aimed at reducing tho hypercalcemia. Vo apply the following 
measures. Vo lneadl&toly discontinue tho administration of vitamin D and 
calcium preparations, as veil as ultraviolet rays. Food cu3t contain srall 

- 3 - * . 


•» • .. 



• . 


runntiticc or crOeiuK (losa thon ->00 milligrams daily), tut a t tho r.uw .£453 

* tio the rood mud contain sufficient calories und animal pix^toinu co 
restore the valient* 0 weight. It in beat to feed nursing btibico vxaa's 
juilU tlio calciuM content of vhich is 25 milligram in cows' mil):, the 
calcixw content amounts to 115 aUAigramc or h.'j times more. To induce 
the calcium content of cows' Will:, the two of ion-oxchungo resins is rccorn- 
jnended (Yo. K. KhoJdiol, -ct. c.l4; A. V. Forguaon; S. K. KeGoven; G. Anderson, 
ct. nl.j K. 0. Morgou; Th. Staple-ton, ct. al.). Developed in our department 
(jqi. Yu. Kuuo) at the present tine has been o procedure for obtaining cows* 
nilk, in vhich the ci’Acitua content hr.3 been reduced by three to four times \ 

Yia the application of a KU -1 resin. * . .? 

Food rich in calcium should not be eaten — chi-ese, egg yolks, canned * 
fioh, caviar, be ana, colored cabbage, spinach, and tlJ.ondL. For tho purposes 

* 0 f drink'r.T and cooking, distilled vatcr is recommended because ordinary 

vatcr contains about 5-20 nlllSglraEs £ of calciu*. Tho abundant quantity of „ 
food is prescribed for tho patient so as to avert the development of nephro- * 
colcionosis. • \ ' 

Recommended to reduce calcium absorption io the use of cortisone (Th. 
Stapleton, H. G. Korean), vhich, in opposition to the action of vitamin D, 
inhibits tho absorption of calcium into the intestine. For improving tho 
exchange of substances, it io rccoritrnnded that tfie patient bo tidsAnistcred 
an adccuate amount of vitamin exchange substances (vitamins A^, B^, Bg, P?)» 

I . 

In prescribing vitamin D for children, a physician io obligated to^ 
proscribe the precise dose for the course of treatment and warn the parents 
of the harmful consequences of exceeding this dosage. For a precise dose, T f . 

it is also necessary, during tho writing of the proscription for vitamin D, 1 . 

to order a pipot. 

Large doses of vitamin A inhibit, the. development of hypervit amino sic “ 

• p (g, k. Katsko); therefore, when treating rickets, it is expedient to apply 
simultaneously, along with largo doses of vitamin D, vitamin A in tho amounts 

• of 5,000 to 10,000 units daily (Ye. M. Lepskiy). 

C0XCUJSj;0i3 

1. The phenomena of hypervitaninosis D may develop even vlth insig¬ 
nificant overdoses of vitamin D.- • 

2. The sensivity of infants to vitamin D can vary greatly. 

3 . During treatment with vitamin D, the infant should be observed 1 
closely and upon^tho first manifestations of hypercalcemia oymptoms, vitamin I 

’ D should be discontinued. * . * 


to warn 


4. Jn prescribing vitamin D preparations for infants, it is essential! j. 

1 the parents of the dangers of overdoses. * ,. 
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of Protecting tbtiicro.'uid itTi’tmt::)# 2, x f /S (, p* H* 

Vo. K. Jepnkiy. Oinovr.tliM/or.y v Ac tr.koa vor.rwr.to (llypervitor-inooic in 

Children), ~K., 19i»3, »•>. Y1-Y2 • • • . 

•• 

8. K. Mr.toko. In the “book Scrn-c;.::.nnyy^ voovooy Soyotr.k oy vit rei pq1o»11 ’* 

(Coatciaporary ProbleTrio of Soviet Vittuilao3x)^y)» K., 195 J>, I». li&» J 

y 

Ye. K. IChokhol, V. D. Otto, Yo. S. Stal'nenko, ct. til. 

VscroyuKr.or .o c w yoy^n fl otr.k tkh vr nchoy (Report Then it; of the VII All- % 
Union Congress ofPcdiatricio.no), 1., 195Y> P« ^-3* 
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is i» known, vitamin D la accumulated In the organism, and lta excessive 


and prolonged use may cause toxic phenomena. 

^ -* *li . c:.». j ; if 

r.; . /“* “ aJority of phajnBmco lo«y textoooka point out that a toxic doee of 
vitamin D exceeds by several hundred or a thoueand times the therapeutic doee 

and that, aa a consequence, hypervitamlnosis D Is practically never observed 

* * * • 

in children. Because of observations made in Tartu City Children's Clinic 

Hospital during recent years, vs cannot ifcree with this statement. Here is 
an example. 

!/ .v» .-it... .. n s ., ; ... ; ... 

. . *• i» 14 months wd. Over a 4-month period, the mother administered 

to the child, because of the onset of rickets, a apirituoua solution of vitamin 

* * ** • • v* t , . , . 

• •••*•- • » . 

®* . ln 7,5 011110,1 unita, or an average of 62,500 units daily. Clinical 

symptoms of vitaminoaia appeared during the third month, after the child had 
been given, in the aggregate, 6 million units of vitamin D. The child lost her 
appetite and thore were manifestations of constipation, apathy, and a eubfebrile 

* ' • 1 • V ‘ 4 
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condition. Iteesls mi rarely observed. The child lost 2,100 grama of weight 
during the last two months. .».;►*••• • . 

• .. . , ctdl;* .. ■; vr,,,! 

‘V ‘ ' B#f0r# her adniwion to th^hospital. the little girl had been apathetic, 
at tinea capricious. Nor had ehe wanted to play or stand. Noted was the cco- 
piete absence of appetite, intense constipaUon, exicoeia (aksikos), unusual 
eldn dryness, and in the evenings a eubfebrile temperature. The Sul'kovlch 
urine reaotibn was dearly-positive; in the blood serum, the quantity of inoxw 
ganio calcium was 20 milligrams The erythrocyte sedimentation reaction 

e 

ranged from 10 to 44 millimeters per hour according to Panchenko's method. 
Observed in the urine were traces of protein and the usual unit leukocytes; 

a 

■but at timoa a largo quantity of leukocytes were encountered, as well as 
erythrocytes in a greatly augmented viewing field. Arterial pressure rose .to 
110/90 millimeters on the mercury column, following the discontinuation of 
vitamin D, pathologic elements were observed in the urine for a month, the 
amount of olaelum in tne blood was raised within l.S aoitha, eubfebrile temper 
ature continued for 2 months, and an accelerated erythrocyte sedimentation 
‘reaction was noted for 2.5 months. 

In this manner, a mere tenfold increase in^ the dally therapeutlo dosage 
*of vitamin D over a four-month period caused a grave case of hypervitaminosis 
in the child. •. \.r ci : vUj.. : .- . . . ^ . 

1 u According to the data of V. A. Vlasov and V. X. Stolye^ va, no connection 
'was observed between the quantity of introduced vitamin I) and intoxication 
-phenomena. 


• » 4 f . • , , 
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' : Appearing in recent years have been data on a special nosological unit 

'young children, the so-called idiopathic hypercalcemia (H. Lightveed, J. h. 
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P. Dawson, and others) X. 0, Low* and other*) D. 0. 0retry and D. V. N*iU aid E458 
other*) I. 0. Porfar and other*). During thi* illn**a, children are obeerred 

’ a t « 

to be afflicted with hypercalcemia (12-20 milligrams >), although, at the aame 
tiae, the content of inorganio phosphate* and alkaline phoaifcataaea in the blood 
aenin are nonnal. The alkaline reserve* of the blood are usually normal and the' 
content of camma 2 globulins Is increased. Many researchers have observed hyper- 
cholesterineaia. Such a condition has been notod in children during the usual 
or a somewhat increased dose of vitamin D. The hypercalcemia syndrom* is clin- 
. ically pnonounoed and, therefore, the picture of the disease is similar to 
hypervitamlnosis D. During grave forma of the disease, a child's mental and 

\ * ...» ..i* . . *; .. .. 1 

physioal development may be retarded, and symptoms of general visceral cal¬ 
cinosis may be observed. Or a ve forms of this disease nay either prove fatal or 
be overcome (Th..Stapleton). 

; • «-inj v. ' • . .. ■ 

During so-oailed idiopathic hypercalcemia, the resorption of calcium in 

tho intestine 1* increased. Usually 35 of tho calcium in cow's milk is 
absorbed; when vitamin D is administered, up to 50 £ is absorbed) and with 
hypercalcemia, up to 60 J. (H. C. Morgan, et. al.). The reasons for the appearl 

4 • • • •••• • | t . . , i, 

ance of this disease are not yet clear. There is an opinion that one of th* 

* * * 9 '•*•**■ •• *'** • ' » •.##. . 

most frequent causes is an individual's increased sensitivity to vitamin D, 

since the administration of this vitamin causes the illness to worsen, and 

its (LHcortinuation results in an improvement. Contributi j to ths development 

* * " • • •• • . • . j**. v.*... ’ *. [ 

of idiopathic hypercalcemia is the ingestion of food with a largo calcium 


. * Mi . * • t 


•it. .• 


contont. Because of this, it is primarily encountered in nonbreast-fed infants, 

• e 

for the calcium content of cow's milk is 4.5 times higher than that from a 

• • • .. '• •• . r :.uj 

mother s breast. Also contributing to the development of hypercalcemia is the 

. • • « * • V # ;• ^« • 

use of food with alkaline surpluses and the application of medical preparation* 
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causing alkalisation. ;i • ' I jrir.j '.h* /. •. t >. BV *. of r 

The following observations demonstrate how differently an organism can 
reaot to the introduction of vitamin D. J • ^ tiill... -irat*., 

Khel’gi K. la six nontha old. The mother, on her own Initiative, treated 

. the child for a flourishing caae of rickets with a buttery solution of vitamin 

* 

D over a 4-month period - in all 2,5 million units, or an average of 20,833 
units daily. Within 2.5 nontha, the infant became restless and loat her 
appetite. This was followed by emesis and constipation. During the last 
month, she lost 700 grams of weight. The female infant became torpid and had 
a tubfebrlle temperature. Beginning on the infant's fourth month, she was " - 
given a mixed feeding and at 5.5 months', she was given an artificial feeding. 

''• When admitted to the hospital, she. had the following symptoms! the 
infant was torpid, laughed rarely, and had a dry akin; tissue turgor was reduced; 
first-degree hypotrophy was present; there was a lack of appetite; the tongue 
was coated; the ingestion of food was almost always followed by emesis; and 
constipation and a subfebrlle condition ms observed. The Sul'kovich reaction 

was positive; the calcium content of blood serum was 15.5 milligrams JC. The' : 

• 

erythrocyte sedimentation reaction was 35 millimeters per hour.* The urine l 
manifested no pathologies? cl -ages. Following the discontinuation of vitamin 
D, the attitude of the infant gradually began to improve, and her weight * J 
increased. The calcium content of the blood returned to the normal level within 
a month, and the erythrocyte sedimentation reaction within two months.after the 
discontinuation of vitamin D. r \it 

e 

Thus, a mere twofold Increase in the dose of vitamin D over a fouiMnonth 
. . period causod a hypercalceaic condition in the child who was on a mixed feeding. 
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• -V Val'deko K. warn tea months old. . During the last 4 months, because of a 
alight caae of rickets, the mother administered regularly, twice dally, 24 drops 
(12 drops each time) of a buttery solution of vitamin D (1.050 million units) 
amounting to 40,000 unite dally. During the 4-month period, the i n fant was 
given 2.25 flasks of the buttery solution of vitamin D, which totaled 3.375 

. ■iliion units. The infant manifested no clinical symptoms of hypsrvltaminoeis 

• ’ * ... . . . 

D. The calcium oontent of blood serum was 11.4 milligrams Ji. Only by roent- 

, genogram was it possible to observe a more extensive calcification in the 

. . - 

.epiphysis of the tubular bonen. 


* • * • V28 C ’4| *...«• . * , 
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In this case,, not even a^ tenfold increase in the does of vitamin D over 


i « four-month period caused clinical symptoms of hypervitaminoeis to appear in 

.the child. .... .. 

- *” J - •' • — • v*; v;.w :rpu.:-r.u. z 

j The abovo-mentionod illustrations demonstrate how differently an organism 

* • / • 

; can roact to the introduction of vitamin D. This reaction dopenda, in all 
probability, on the speclfio characteristics of an organism, the state of 


- is 


i- heightened sensitivity or resistance of an organism. 

• ..uty is 

< r.“ . literature and ollnical data presented above show that hyporcalcealo 

phenomena may appear even with the administration of a low dose of vitamin D. 

• .. 

„When a preventive or therapeutic treatment of rickets by vitamin D results in 
J a 1080 of appetite without any apparent cause and the appearance of apathy and 
a loss of weight, it ie essential to discontinue vitamin D immediately. In 

addition, it is necessary to determine the calcium content of the blood and take 

• ' ... .* *. 

a roentgenogram of the ephiphysea of the tubular bones. 

* * * C*. £ •*•* Z !i 4 . 

1118 treatment of hypervitaainosis D and ao-called idiopathic typercal- 

t oeaia mat be aimed at roducing the hypercalcemia. We apply the following 

1 ** .- . - » 
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Measures. V# innediately discontinue the administration of vltaaln D and E 

••• • . , •' 'iji' 

oalciua preparations, as well ae ultraviolet rays, food must contain aaall '' 

e 

quantities of caloiua (less than 300 milligrams dally), but at the ease tlae 
the food eust contain auffloient calories and an!aril proteins to restore the 
patient's weight. It la best to food nursing babies women's allk, the calclua 
content of wliich Is 25 milligrams In cows' cl Ik, the calclua content aaounts 

i * 

to 115 oilligrass f>, or 4.5 times core. To reduce the oalciua contont of cows' 
mi,: -, the uso of ion-exchange resins Is recommended (Ye. M. Khokhol, et. al.| 

A. T. Ferguson; 3. K. McGr-en; 0. Anderson, et. al.^; H. 0. Morgan; Th. Stapleton, 
et. al.). Developed In our department (Kh. Yu. Kuus) at tho present tlae has 
been a procedure for obtaining cows' allk, In which the calcium content has been 

, 4 , • . . «... 

reduced by three to four times via tho application of a KO-1 resin. 

Food rich in oaiciua should not be eaten — cheese, egg yolks, canned 
fish, caviar, beans, colored oabbage, spinach, and almonds. For the purposes 
of drinking and cooking, distilled water is recommended because ordinary water 
contains about 5-20 milligrams of c^aciua. An abundant quantity of food is 
prescribed for the* patient so as to avert the development of nephrocalcionosls. 

• Recommended to reduce caloiua absorption iu the use of cortisone ('A. 

• • . , • • 

Stapleton, H. 0. Morgan), which, in opposition to the action of vitamin D, 
inhibits the absorption of oalcium into the intestine. For improving the 
exchange of substunces, it is recommended that tho patient be administered an 
adoquate amount of vitamin exehango substances (vitamins Aj^Bj, B2, FP). v< 

In prescribing vitamin D for children, a physician is obligated to 
prescribe the preoise dose for the course of treatment and warn the parents of 
the harmful consequences of exceeding this dosage. For a precise doee, it is 
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*l«o iMCMMiy, during the writing of the prescription for vitamin 9, to order 
• plpot. « 

large doeee of vitamin A Inhibit the development of hypexvitaminoeie 9 
(3, H, Hatako)j therofore, when treating rickets, it is expedient to apply 
* •imitaneouely, along with large doaoa of vitamin 9, vitamin A in the aaounte 
of 5,000 to 10,000 unite daily (le. K. Lcpekiy). 

. COIiCLUolc U i 

N • . 

1. Sho phenomena of hypervitaoinc lie D nay develop even w:.th Insig¬ 
nificant overt'osea of vitamin 9. ' 
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> 2. Tho eeneivlty of infante to vitamin 9 can vary greatly. . , 

v ' ■ > t ‘ 

• 3. ftulag treatnent with vitamin 0, the infant should be observed i 

■ ■ • • . • v 

elosely and upon the first aanifestatlons of hypercalcenU symptoms, vitaain 

■ $ * r 

9 should bo discontinued. 

4« I» prescribing vitamin 9 preparations for infants, it is essential 
to warn the parents of the dangers of overdoses. 

• » 
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fho uso of tho usual prcvdntivo wad thow&ctttic chocs of vttanJn 
D does not pro due o any deb offccts. At tho ssao tJno cxporbicnto 
(S. K. Hatsko, A. T. Zhncytb, V, I. Corbnr.ova, Yo» S. Pev/ner, 0. A. 

• Minina) and clinical tests (L. I. Cokf-nryova, S. H. Kurltsina, Y. A. 
Jxx>nov, E. Yo, MiklfLin, V. A* Vlacov ar.d V, K. Stolyarova) lwvo ostnb- * 
Xi.'ihod tho fact that tho prolonged ueo of lrr/'.o doses of vitamin D nay 
produco )jypcrvltas£lnoois vith narked l\v;ctionil and even cr^mic changes • 

. in tho different organs end systems (liver* kidneys, cardiovascular sya- 
*• ' tWi mctabollra, etc *) •, 2ItIs has been confirmed by tho u^rlc of a number 
of scientists, including L. P. Wtofeyova, V. A. Prokopchuk, Yo. S. 

' _ Povznor, 0, A, Hinia, Bauer and JVciborg, \io havo. reported on tho 

dovdopnent of covoro changes of an organic nature in tho form of vascu¬ 
lar sclerosis of tho kidneys, heart, lungs, liver and brain in hyper- 
vitanlnoslo D, 

• * 

V/ith tho adaption of tho cathod of treating rlckots vrlth shock 
do ooo of Vitkin D, Saviot industry ban put on tho open naxkot rn plcohol 
of vitcodn D containing 2C3.C00 international uxlto per nllli- * 
JAtov* TJiin concentrated preparation is* Cciiij used'by pc&Atricicris " 
during resent years not o:ily in treating but frequently i.n preventing 
rickets. It lo quito natural that tho uso of an alcohol solution of 
• vltcnin D in tho polyclinic ’.hero tho control ever treatment is vory 
limited nay easily lead to ovorclasl:.g. Tills '..us been confirmed by our 
o*«?n clinical observations. 

‘ ... 

Diulng tho peri/.d 1952:1959 . the citric at our institute has had v 
#LAnfan t a\ r ).th hypcr..it£2r.o sis D under treafcoent. Of,thcso lh vero 
botvoon tho ago 6 of i f»ro and six months, 1^ botrean one and nlno nonths, 
ono from nlno to 12 months and or.o older then or.e year. Pina of tho 
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children vote on bvcaot feetMn- m - 

rd>.o on orU.flcJ.nl fccSlnj OT 4 "inc e.-. a tot^otf^ ' Ath "*&****. Eh* 

»- toS.° *»«*«* *««. ‘ 

"tcno.Uo. 2 "JvW-al candl^S^ p jj!-Xgtafltta. 2 ~ &lori.o 
but only to. ulto n S ^52^?S«? oUo ^ * 

in 2 / out of 29 casco tho rcrr»n fon <1*—uno«*J.o J), Consequently 

of tho children had tyr.Ztovs of ConfAr '^d» Twenty - 

- of hiodoratvly fovoro h\poivlt-ia!r d si<• n -ij] VXw ‘ ir '^’*‘ :ocj ’ s Imd signs ••" 

. course of the diccaso. £ru * 0110 ,;as Coring f*o M a nJld_ 

• s . _ • ♦ 

*>t». J**" 4 «« careful history • ' 

Motor/ end clinical plotefof tho aLoo. *•*•» b °i"S ». .'f 


ttol tho byporvltonlnouj.. chcod 

data to do torsi no aioaetteS; *?» "waiostio 

children reached tho clinic tnTe c^n *5? ?*“»• A » " «d.o tho 
of tho diccaso Is co:.io dc-rco of .? 10 J>fl"Mpal syrpton • 

ornlccools. Bio n.ijority of tho chlidrfn^™^' - '* 10 ? ,n -°* ^•’Ptewo of • 
end periodically vcstlc 3 a Tlio-n luu 2 u f*° -slosccnt, adynanio 
should corn J^^ot oTcoi«l1uSSr C V ltiMl '“^on also 

impaired fScUmTof^^tuoSt?^irS^'ac^^Vh° D to cJ ' jldi ‘ en «ao 
anorexia, roanvrftatita ihcro was Persistent • 

otipation tho S In w ’ dition «»- 

oxa*il nation of tho fecoo of’alln r^vr^IT n . ucoury * ^Prological 
tral fat and fatty acids. In ! lar «° “»»t of ncu- 

nent of tho llvor but it m 0i "Mldrca taero vac enlarso- 

. "ICO of tho liver was «■"•«•« Si 

!? s srs^» 

turgor - VpIsSuc^; “ *<** 

tho opex . C; ! 0 .‘' C: V bac r^ cr ‘ r ^ n ' "ydtolio numur at 

to too sorority of tSfL - Tn -. , h5as °! 10 <l ’ rict Portion 
voro no narhcd^ca to too £&£^£5f“ #b ~°“ «T 

•erred *• ' 

tlon wo found polyuria end tho 01V obcon *- . 


circular cpitholiv, V at ? ^-cn.^tod nuarrous and 

*"*■ a ^ oV 



ir rr rr Tr ?? rn 
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10 to CO or oven moro loucocytos in tho visual Hold and inflated frosh E4$5 
and leached erythrocytes. 3'no renal syndrome persisted for a long timo, 
no o rulo, even till tiro of dischargo fren tho hospital. Apparently * ' 
Ibeso rcn.il lesions in typorcitardnosis. J> in children can bo explained as • r 
dogoncraUvo changes in tlio rend parenchyma vJLtU diffuco calcareous f 

infilU*ation and subsequent addition of inflcnaatory chon go a. * 

In all pediatric patients there wore Impairments of tho vogotatiro i 
nervous systca which were aanifest in pallor of tho shin, in cone children 
in a poro.lstent bright red doivvogrcphica and periodic crythcaa-liko spots, 

Tho majority of chlldxxn had increased perspiration and intestinal parosis, / 
All children tlxovrcd marked muscular hypotonia end impaired motor functions, 
tho children stopped sitting oiv standing, did rot support thcnsolvcs on 
their legs and could not hold v.p their heads. 

• • 
i 

. In tho groat majority of children thoro voro disccrniblp . j>ynpto;ag_ 
of hypovitcuiiinosis„C,A r . Jhnnd ?>% r-nlfcsted clinically 3n dr/nosa, 
"dosquanation and itching, slight wdncrability of tho visiblo nucoca, 
winklos at tho cornors of tho uouth, oto. > .>' 

■ . ' 

llio bones shoved tho following changes. In 22 cl ill dr cn the 
osseous edgos of tho flat cranial bones voro doaso.. Tho largo fontenoUe 
was comparatively raall in tho majority of children and was closed in tvo 
children (five and soven months old). 

Tho children shoved changes in tho blood. All children rovoalcd 
modcrato noivocytio anemia without marked changes .in tho viiito blood 
colls. Accolcratod sod2r.cntation vnto for crythvoeytos van porsistent. 
and otablo. Socio children wore discharged with cn accelerated erytlirocyto 
ocdlmontation rato without any other syr.ptcns of hypervitani no sis D. In 
tho majority of children tho amount of calcium in tho blood increased to 
11-tV mgjG. ' 

’ > llio phosp horus contont of tho blcod droppcd_in tho children. 

In 22 children blood sugar was determined on an empty stomach with 
F 10 showing on increaso (fron 10? to 232 ngp) cr.d 12 shoving avci'ago read¬ 
ings. Tho dogreo of increaso in blood sugar in children with hyper- 
vit-aninoclo D depended directly on tho severity of tho disco so. Vo may 
arc wo that tho increaso in blood sugar in severely involved children. 
was caused not only by impaired pancreatic function but by impairment 
of tho nssinilatoxy function of tho liver. Tho sugar linos aro to toao 
dogreo confirmed by this assumption. Ac tho general condition of tho 
children improved tho blcod sugar loved, approached tho nerval. 

A blood cholesterol analysis of 27 children shoved 21 children 
with a higher cholesterol level (fron 165 to 300 ngjl). Sono regularity 
for tills change v:us observed, nxr .cly that tho noro severe tho clinical 
couroo of tho hyporvitanirsoclo J) tho higher tho bleed cholestovel lord. 

It cliould bo pointed out that clinical syrptona of hyporvi taalnsolo D 


- 3 - 







lovolcd out and disappeared beforo tho cholesterol content of tho blood lk%e 
rcnchod r.oroal. In co-io children dicchu-gcd botvven tho *12 nd end 50th 
day lUo cholesterol lovol still remained high (noro than 200 \\$) • Tho 
inorca so in blood cholesterol In children \i'ith hyi'&rvitaair.osio D indi¬ 
cates iv'pai vcd hepatic-fraction. 

Tho covority of tho' course of this discaso depends, ns a rulo, . A 
directly on tho a-oxvit of vitamin D tahen by tho child, Tho disease vao 
the* f.ost severo in children \:ho had taken* cn alcoixol solution of vitonln - 
D in a ratio of 1,100,000 to 1,COO,000 intoraationrl units per lcilogran 
of body weight, 

. • 

According to tho data furnished by a niaibor of Soviet scientists 
(It, S, Maslov, A. F. Tur, Ye. II, Lcpckly, E, II. Kravets) thoro \dll bo ’ 
no cyKptons of hyporyitasAr.ocis_B when giving faces of 25,000 intor- .. 

national units of vitamin D for ho~ >5- d:ys .if v:o proscribe »:o noro than 
*2507000' ii»to"raatiinal units'per kilogram of body woAgvfc for tho courso 
of troatnent. 

In treating fcyporvltcrninocis D, depending on tho severity of tho ; .. 
patient's condition end tho individual features of tho courso of tho 
dJ.soasc, wo used combine! therapy tiiicd dx'ring tho first eta so of tho 
disoaso at eradicating toxicosis cr.d dehydration of tho body* V°r this 
pxirpoco tho children were provided xrith cptin.nl enviromontnl conditions, 
individual caro and satisfactory aoratioa. All tho patients wore given . 
enough liquid (tea or tu* glucsso) for a day's reo.uircrxnta por os with a 
olnglo 34»travcr.ous infusion or, in severe cases, intravenous drip adiin- 
iotraticn of crouch fluid for coo, two or threo days, Tho main nourish¬ 
ment was nothcr's nil!:, FTOn tho very first days in tho travd tho children 
wore given intravenously plasna ar.ct a $!> glxxcoso solution with 200 ng 
vitonln C and 10-15 ng vitanin per ?)> hours, Insulin-gLucoso thoropy ; 
was widely,used during tlio first stage of treatment. . •' 

For a long tfr.o tho del: children t;ero given 2-3 daops (600-900 
international rails) of vitamin A and 10-20 ng of vitenia P? por day. 

During tho socond stags of therapy, i,o., after intoxication was 
noutvallacd, all Pleasures ucro aimed at increasing tho tody's irrxunologi- 
cal power, further restoring tho fractions of tho different tody organa 
and systems end increasing r.otabolicn, Tho sic’.: children vero given 
vitamins B$ and blcod transfusions, enzymes, etc. Has sago and 
cjrcrcioo xrovo widely used, . 

• • 

Tho diot of tho pediatric patiots x;a3 gradually extended and by 
tho end they had reached a diot appropriate for their ages, 

Tho therapy which x;o practiced gave pooitix'o results. All tho 
children under our observation recovered. Later catrmnostic obsorva- 
tlona completely justified tho effectiveness of our therapy. 
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. Tho uso of vitaain D for therapy in largor than established 

.-••-crvic docoa cay causo hypdVitcrair.oc.is D In children, 

• • 

* , 

— Un>crvit 2 »ino&io D in children is characterised clinically by 
’.ion, impaired nervous function, disorders of the cuotrolntcsti- 
. cncbcrlno s/sten, blood eye ten, cardiovascular, xudnary and 

systems and changos in tho water, uinoral, carbohydrate and 
_... „.-r-al>olica, • 

• • 

,S. Vo found a dlrcot relationship botveen tho severity of tho 
.. tho <’.ocv\30 of 3. r »ai2::cnt of functions and uotaboliaa and tho 
vitonin D taken. Tho higher, tho tbso of vitanin D por kilognrai 
vci&ht. tho r.oro covcro tho courco of the disease. 


-* Treatment for hyp orvitoidnosis D in children should bo over-all 
a vacca. Wien tho sic!: child is admitted alJL attention should bo 
*-• toward cliMinating tho toccLcocis end dehydration end toward ro- 
... ur^an arid system functions end cetabolitn a3 a vkolo*- 


J.J, Tho offcctivcnoes of therapy for children with hypcrvitMiinosia 
irss^» lorcoly on preupt rewritten of the dicer.so. 

Too uso of an alcohol solution of vltcain Dp for treating 
. - in children rmst bo under tho strict control of a pediatrician._ 


, Froo salo of an alcohol solution of vitsrcin D? in dm* otoros 
- • prohibited; --•—..—.- 
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The Pathogenesis of Idiopathic 
Hypercalcemia in Infancy 

AjrT homasStaplkton, »•».. ».«.<*..,• W„. L ,*„ n. Macdomaio. m.o„ u , 

. and Kkcinald Lichtwood, m.d., k.k.c.p.J 1 

With the Technical Assistance of J. \V. J. Evans 


r J r 'nR pukposr of this article is to review the 
J- chemical changes which have been found in 
rases of idiopathic hy|iercalcenihi, und to dis¬ 
cuss the etiology and treatment of the disease. 
The clinical features have been described else- 
shore.' In summary, all cases , have com- 
xiciiccd in the first year of life, sometimes as 
j early as a few weeks after birth, but usually at 
j about five months, with anoresia, vomiting, 
constipation and fuilurc to gain weight nor- 
milly. Some cases have one or more of the 
following features: thirst, polyuria, occasional 
rpikci of fever, a systolic murmur, hyjwrten- 
sion, osteosclerosis, a peculiar facies and mcn- 
. Id retardation.* In general it can be said that 
i the earlier the onset and the more severe the 
symptoms, the more likely arc complicating 
(mures to be present. 

CHEMICAL DESCRIPTION 

' characteristic chemical changes are a 
rise in the level of serum calcium and blood 
wca. Other changes inay occur as well: 
kypercholcsterolcinia, rise in o f globulin, acido- 
***• a "d a l° w ■cruni alkaline phosphatase. 


Ctltium 

Because of the possibility of nn inaccurate 
laboratory estimation and because a transient 
1, 1C *cmm oalciuui level can occur in 

• Pt,Hatf,e U "‘ l - St. Mury*. Hospital Mall- 

. ra Srliuol, l.rniiloit, 

'AwKittiit Direct.*, I'cdiairic Unit,St. Mary’* Urn- 
Nil Xteilicul Srlioil, IxHidon. 

I Lecturer, Pediatric Unit, St. Mury's HutpluJ 
"N*al School, London. 

^TUirettor, St. M.rj ’« Hospital Medical School, 
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other diseases, we have only considered the 
diagnosis of idio|»alliic hypcrcolccmia when 
two estimations of the scrum calcium have been 
at least 12 mg/100 ml. The highest recorded 
value is 2.1 mg/100 ml by Cordeiro.* but in the 
United Kingdom the highest is 19 ing/100 
ml. 4 The dislributidli of the increase of scrum 
calcium between the protcin bound and soluble 
fractions Ins not been determined. There is 
no constant relationship between the degree of 
hyiwrcalccmia and plasma protein levels. 
The daily excretion of calcium in the urine is 
raised. Amounts as large as 148 mg in 24 
hours have been found.* Other rt|>orU 4 ■*•*■* 
all give figures well above the norma! daily ex¬ 
cretion which is of the order of 20 to 30 mg.* 

In spite of the increased urinary calcium ex¬ 
cretion, the calcium balance is strongly positive 
(Pig. 1). In reported balance studies the cal¬ 
cium retention expressed a< a percentage of 
calcium intake has varied between 31 and G9 
per cent in eleven cases, with an average of 49 
per cent.*•*•*•* 

Pboipbonn * 

The scrum pliosphorus is usually in the nor¬ 
mal range of 3..-, to 3.5 mg/100 ml sometimes 
slightly higher, sometimes lower. In the early 
stages of the illness, when the impairment of 
renal function is minimal, there appears to be 
no constant relationship to the scrum calcium 
level. In the more advanced stage of the ill¬ 
ness the scrum phosphorus may be abnormally 
high. 

When the scrum calcium is high, the plios- 
puoms balance is strongly positive (Pig. 1). 

In seven reported balance studies, 444 the 
phosphopjs retention expressed as a percentage 
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until' calcium O'iR. 2) and in that |«li«il the 
magnesium also paralleled the cli:niK« m «T»m * 
• phosphate mill urea. II therefore seems likely 

tluil the changes were <lnc l» fluctuations in re- 
iial function. The magnesium balance seems 
to lie unaffected throughout the course of the 
illncss* , *(I ? ig. 2). 
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milk and ccreel 


|. TrcaUnemrel»l«ltpH»ilyc.W«.a.m. f ncMum 

i rV -r*-‘ balance*, which •»« av*»ee* f 

A* c^Unn*. (Urinary ccidUm ha “ M * ££ 
ocre.ed dolled. poiilivc balance black). (Prom. 
Loot* 1:032. IDOfl ) 


of phosphorus intake has varied between 20 
and 84 per cent with an average of o\ per cent. 


Af«»g»ei/Vm 

We have estimated Ihe scrum magnesium in 
seven children. Values ranged from 1.S to 
2 7 me/100 ml, confirming the findings of other 
workers* In only one rase did there oppear 
to be any relation with the nse and full of 


lUrorbonole 

In most cases of idiopathic hyiwrcalccinu 
the scrum bicarbonate is within normal limits. 
Some infants may have an abnormally Uwr 
serum bicarbonate even when renal function a 
not grcully iiu|wircd." It is possible that 
some infants with hy|»crcalceiiiia have an av 
sociatcil renal acidosis." There appears to be 
no direct relationship between scrum calcium 

and bicarbonate. 

* 

Sodium, Polonium Chloride 

The scrum concentration of these electro¬ 
lytes arc within normal limits in idiopathic hy¬ 
percalcemia of infancy. There is no disturb¬ 
ance of the sodium, chloride or potass.um 
balances.* 
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Pr*i*i*t 

In his original description of the biochemical 
changes in idiopathic hypercalcemia, Payne 
staled that the plasma proteins showed an in- 
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I 

crriisc ill the n r nml y-glnhutiii fractious. 
These rinding have been c«Minriiio<l by other 
investigators, but only ill *omc cases of idio¬ 
pathic hypercalcemia.'-" Only two out of 
seven infants studied by us have had total 
trrum proteins higher than 7 g/100 ml. but in 
all of the seven the arghtlntlin fraction was 
significantly raised, although the y-globulin 
ns normal. The m- and ^-fractions are oc¬ 
casionally slightly raised. 

Cbeltifvnl 

In severe rases serum cholesterol levels may 
be of the order of .‘KM) to 100 mg/100 ml. In 
infants with an illness of intermediate severity, 
tlic scrum cholesterol is often increased to 
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Smim Calcium Levels Related to Serum Citrate Levels 
and Diet 


Mini 

DM 

fWfN« 
calcium 
mg/100 
ml 

firmw 

citrate 

mg/too 

ml 

C. Jim. 

Vitamin D fortified 
dried milk 

13.4 

3.0 


Low-calcium diet 

13.0 

1.5 


Low-eulchim diet 
with added solids 

13.1 

3.0 


Low-calcium dirt 
with added solids 

11.3 

1.8 

6. Pk. 

Vitamin D fortified 
dried milk 

13.1 

3.7 


Low-calcium diet 

11.1 

3.3 

J.Ch. 

Vitamin D fortified 
dried milk . 

13.3 

3.6 


Vitamin D fortified 
dried milk 

13.1 

3.0 

. • 

Low-enlriiim milk 

11.1 

1.9 


Low-c-.ik.-ium milk 

11.0 

1.3 


U(|ual parts whole 
milk uml low-cal¬ 
cium milk 

11.7 

2.7 

• 

A. Pr. 

Vitamin f) fortified 
dried milk 

15.1 

3.1 


Vitamin D fortified 
dried milk 

13.7 

3.8 


l^iw-cak-inni diet 

II.R 

3.6 


l-ow-c.ilciutii diet 

12.7 

2.1 


Low-calcium diet 

12 3 

2.0 


Low-calcium diet 

11.5 

1.7 


Low-calcium diet 
with added solids 

11.3 

4.0 


Low-calcium diet 
with added solids 

10.9 

3.6 ‘ 



Hi*. 3. The variable relation ship between the scrum 
citrate ami serum calcium levels. 


250 to .100 mg/100 ml, and returns to normal 
levels when' the scrum calcium falls and clin¬ 
ical improvement commences. 

Alkaline Plmpbala^t 

Low concentrations of this enzyme arc often 
found in the active phase of the disorder, par¬ 
ticularly in severely affected cases when osteo¬ 
sclerosis is a complicating feature. Levels of 
4 to 8 King-Armstroiig units are not uncommon. 
The concentrations return to normal during re¬ 
covery and sometimes become higher than nor¬ 
mal when affected children arc treated with 
calcium-frcc diets, and radiologic evidence of a 
decrease in osteosclerosis develops. 

Citratet 

It has been stated that the serum citrate level 
is inversely related to the serum calcium.' 
In four cases studied by us no constant relation¬ 
ship has been found. (Table I and Fig. 3,4). 



Pig. 4. The variable relationship between the serum 
citrate and serum calcium levels. 
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Urt* 

The blood urea it raised, olthough uol neces¬ 
sarily throughout llic wlmlc nclivc course of 
the disease. In some infants it is of the order 
of 100 to ISO mg/100 ini even in the absence of 
dehydration. 

Vitamin A 

Plasma vitamin A levels were estimated in 
eight infants with idiopathic hypercalcemia and 
were significantly higher than those found in 
normal infants, or in marasmic infants, both 
in the fasting state and four hours after a 
standard orul test dt>sc of vitamin A. 11 

pathogenesis 

The clinical, cliemical and pathologic findings 
closely resemble those which arc found in per¬ 
sons who have received excessive intakes of 
vitamin D. (Fig. 8) The following evidence 
suggests thr.t a large intake of vitamin D is a 
main causative factor: V 

(1) All infants with the disease have re¬ 
ceived vitamin V) either as a supplement or in 
a fortified infant food. 

(2) The vitamin II intake of infants in the 
United Kingdom, where the disease has been 
commonest, has increased during the past fif¬ 
teen years largely as a result of the increased 
fortification of infant foods; the extent of this 
increase was not fully appreciated until re- 

a 
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The Amount of Calciferol Added to a Dried Cereal ] 
and Krfniru of Assays 


DM. 


Aiuyi 

Ctlfilrfnl 

••Mcii 

Ac. «f 
M 

Month. 

I.uj+,m 

Up to March 

l.ono 



1045 




From March 

2,000 

0(o 2 

1,110 to 1.870 

1040 


13 to 38 

768 to 1 .20 


ccntly. This is shown in the tables reproduced 
from the rc|*irt by a sub-committee of the 
British Paediatric Association' 1 (Tables II, 
III). These figures permit an approximate es¬ 
timate to be made of the likely intake of vita¬ 
min D of an infant fed on the full-crcain milk, 
referred to in Table II fortified with crystalline 
calciferol 400 I.U. per dry ounce, the calciferol-- » 
fortified cereal referred to in Table III, to¬ 
gether with the generally recommended quan¬ 
tity of cod-liver oil comjiound: 

For example, the vitamin D intake of an in¬ 
fant who receives each day 

Appwimtktj 

(a) I'/i pints of a full-crctint dried 

milk containing 41X1 I.U. vita¬ 
min b |icr dry os 1,725 I.U. 

(b) 1 m of a cereal containing 1,500 

I.U. vitamin D per dry ui 1,500 I.U. 

(c) 1 teus|xioiiful of natiimid end- 
liver oil compound (Welfare 

Food Service) 700 to 800 t.l». , 

would l>e about 4,000 I.U. I 


The. Amounts of Crystalline Calciferol Added to ,a 
Proprietary Brand of Full-Cream Dried Milk, and 
Reports of Assays of Vitamin D In the Milk 


Dm. 

CrytUtlitM 

Calciferol 

•dried 

t.U./4'9 •% 

Up In August 1042 

70 

From August 1012 

128 

From October 1013 

403 

From November 1044 

400 

From October 1054 

COO 


Ac* of milk 
moot ho 

Yin. vf 
■nilitim 

Avar* 

7 to 12 

1050 . 

303 

13 to 18 

1052 

403 

,, 


405 

3 to 8 

1053 

600 


(3) The disorder has occurred in Finland. 1 
especially among premature babies who haw 
bad interstitial plasma evil pneumonia. These 
infants had all received several hundred limn- 
saiul units of vitamin D as stoss therapy." " 

An excessive vitamin D intake, however, 
cannot be the sole factor leading to the develop¬ 
ment of the disorder, because thousands of in¬ 
fants in the United Kingdom and clsewhrrr 
must have received os large doses of vitamin P ^ 
as those few hundreds who have developed tl»r 
disease; and some infants with the disease haw 
not received excessive doses of vitamin D. I 
Some infants have been affected in the earlf I 
weeks of life. These three facts suggest that j 
idiopathic hypercalcemia may be due to the par- 
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linlar response of some infants to vitamin D 
titlicr on extreme of t!ie physiologic variation! 
or on inborn metabolic defect which causes 
them to react in an abnormal manner."-" 

Tlie fall in the high wertim calcium when cor¬ 
tisone is given resembles that observed in sar¬ 
coidosis with hypercalcemia* In both in- 
stances, it may to caused by an anti-vitamin D 
effect. 

CoitJitiouing radon 

Alternatively, or in addition, there may be 
conditioning factors which make some infants 
more susceptible to a given dose of vitamin D. 

(1) All the infants reported as suffering 
from idiopathic hypercalcemia have been arti¬ 
ficially fed. The high calcium and phosphorus 
content of cow’s milk (approximately 120 
mg/100 ml and !W mg/100 ml. restively), 
compared to those in human milk (approxi¬ 
mately ito ii'g/100 ml and IA mg/100 ml, re¬ 
spectively) must at least prcdisjiose to the’de¬ 
velopment of the disease. 

(2) Impaired rates of growth lower the net 
requirement of calcium, phosphorus and vita¬ 
min D. This was probably a factor in the in- 
bnts who had had interstitial plasma cell- 
pneumonia reported from Finland." Infec- 
<mns have preceded the onset of the disease in 

reported from the United Kingdom.'-" 
(I) Idiopathic hypercalcemia has been rec¬ 


ognized in infants in many countries (Finland 
Norway Portuga,. Sweden, Switzerland, 
Umted kingdom and United Statcsof America). 
Although the vitamin D fortification of milk is 
much less in America than it has been in the 
United Kingdom, many American mothers 
must have given their infants supplementary 
vil.iiiiui preparations; the disease has not been 
over ooked. yet the number of cases apparently 
has been small. A possible explanation may 
be in the use of evaporated milks in the North 
American Continent, whereas in the United 
kingdom dried milk* arc in general use It 
has been suggested that the essential fatty 
acid content of dried milks may be lower than 
that of evaluated milks." (both, of course 
ben.g cow’s milk.have a lower essential fatty 
acid content than human milk). This is an 
attractive hypothesis which would explain the 
geographic distribution of the illness, and might 
help to account for the high plasma choles¬ 
terol levels found in affected infants, as there 
is some evidence that a deficiency of essential 
fatly acids interferes with sterol metabolism 
and can be followed by a raised plasma choles¬ 
terol."-* Sinclair’s claim is not supported 
by analyses of different preparations of cow's 
nulk for their essentially fatty acid contents " 
While investigating this problem we have 
made an interesting observation. An infant 
with idiopathic hypercalcemia and an infant 
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Fig. ®. Section of kitlncy stained foe calcium front a 
female Infant with Idiopathic hypercalcemia who died 
ut age of 11 mouths (no treatment having been given 
fur comparison with Figtire 7). 


with a nonnut scrum calcium level were given 
by mouth cotton seed oil. which is rich in es- 
‘ sential fatty acids. In both instances there 
was a fall in the serum calcium level, with a re¬ 
bound or discontinuing the oil. 

• The raised vitamin A levels in idiopathic 
hypercalcemia' 1 sup|«ort the possibility of ob- , 
normal fat metabolism in this disease. 


COMPLICATIONS 

The complications of idiopathic hypercal¬ 
cemia appear to lie due to the high serum cal¬ 
cium, its duration of action, and the age of the 
infant when it develop. The type of compli¬ 
cation is determined by the location of meta¬ 
static calcification in the body ami the overall 
effect of calcium on tissue metabolism. 


KUntyt 

Renal involvement it evidenced by aiotentia. 
Calcification and fibroair of the kidneya have 
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Fig. 7. Section of kidney from a rat sU weeks eld 
which had been given 800/100 units calciferol 12 dajs 
previously. (Alizarin X 10.) 


been reported by several invcstigatncs. ,J “ *-“ 
ami it seems that this organ is the most constant 
site of calcium deposition. Calcium deposits 
are concentrated at the cortico-medullary junc¬ 
tions (Figures 0,7), and arc seen as concretions 
within the lumina of the tubules and as amor¬ 
phous de|»osil* in the interstitial tissue. Simi¬ 
lar changes at this site occur in rats given Uwic 
doses of vitamin D, and also in rats give* 
smaller doses of vitamin D together with 
acctilIolamidc. ,, 


Renal Function 

The high blood urea may fall to normal limit* 
after two to three weeks of treatment independ¬ 
ently of hydruliou changes. This is in keep 
ing with the improvement in renal funcU* 
(Table IV), and resembles that which occurs « 
sarcoidosis with hypercalcemia following treat¬ 
ment.” It seems unlikely that kidneys with 
the aevere dama.jc and fibrosis seen in sum* 
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fatal cases of idiopathic hy|tcrcakvmia could 
in i| wove l» this extent in such a short UIM | 
il is |VoImI>Ic that earlier iiimI reversible change* 
mmr. Then; might be a clearing of kidney 
tubules ulwt mclitl by mlrium casts as lias Ikcii 
reported in vitamin )) |K>isotiiiig studied by 
nsial biopsy.” The ini|iairc<l inulin and urea 
clearances which improve during treatment 
would supimrl this theory, unless altered |icr- 
mcabilily of tubular qathelimu in this disease 
nnllifirs ilir clnirmirr mulls. An nllcriiulivr 
or additional explanation is that n high level of 
inniml calcium may inhibit enzyme activity in 
renal tubular cells without causing irreversible 
rhnttgcs. 

Our experiments done on young ruts |misoncd 
with vitamin I) and receiving n high-calcium 
diet show uo reduction in the oxygen uptake of 
kidney slices. The oxygen uptake of kidney 
slices of healthy young rats is not diminished 
by the addition of high concentrations of 
calcium or vitamin D to the Krebs-Kinger 
medium. These experiments, however, do not 
deny the possibility of a lesser degree of ini '* i. 
tion of metabolic processes not directly v - 
cemcd with aerobic oxidation, but with more 
specialized organ function. 

Vitamin D in its soluble phosphorylatcd form 
is an activator of aerobic oxidation in tissues 
other than bone, as well as being an activator 
of other enzymes such as alkaline phospha- 
Use.“ Thus it is reasonable to assume that if 
a depression of tissue metabolism occurs iii by. 
percnleemia it is more likely to be due to the 
byiierculccuiin than to a primary vitamin D 
effect. 

Other Sitet •f Calcification 

Calcification of blood vessels" of tlie myo¬ 
cardium and heo t valves" ** and in subeuta- 
■wus tissues* have been described. Ostcosclcr- 
«i* is n common feature in the more severe 
pades of the illness. Calcification has also 
been found in the lungs and the fimdal glands 
®f the stomach." 

The systolic murmur which is frequently 
•wind in nfTccled infants may Ik due to calcifi. 
ealion in cardiac valves, the hypertension to 
thickening or calcification of arterial walls. 
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TRIATMINT 

Tl»c efficacy of treatment depends «mi It.a 
Huge of the illness nl which it is Riven. Sonic 
infiiots wilh Iiyiwmilecuiia recover without 
»|Kci.»l Ircnlment. On tlie oilier hand, nunc 
of the tcvercly affected infants have changes 
which are largely irreversible. In most cnscs, 
recovery can be accelerated by treatment. 
The chief methods of lowering the scrum cal¬ 
cium arc (l) a low-calcium diet, and (2) corli- 

1(1^ 

A low-calcium diet is the mainstay of treat¬ 
ment.*" This can be in {he form of a low-cal¬ 
cium milk, produced cither by treating cows’ 
milk with a calcium-free ion exchange resin, 1 * " 
or as a commercial dried milk preparation. Lo¬ 
ck sol (Tnifood) containing 7 mg calcium per 
100 ml of reconstituted whole milk. In addi¬ 
tion, older infants can be given a low-calcium 
cereal (Glaxo)—containing approximately 0.1 
ing of calcium per gram of cereal. This cereal 
wilh its low-calcium content and its high in- 
organic phosphorus and phytate content results 
in an appreciable negative calcium balance 
due to a high content of calcium in feces.*-*'** 

Low-calcium cereal has the added advantage 
of a high caloric value so that weight gain is 
belter (and this may be an important factor in 
accelerating cure if calcium utilization im¬ 
proves). For infants who arc entirely bottle 
fed it can be added to the milk in small amounts 
(up to a drachm per ounce has been found 
satisfactory). 

The disadvantage of the low-colcitim diet is 
that the preparation of the low-calcium milk 
and cereal, to be fully effective, requires the use 
of water of low-calcium content. In certain 
areas, this means distilled water. 

The response of the scrum calcium level to 
diet is not always quick and it may be desirable 
to give, cortisone. Given orally in doses of 
23 to 50 mg per day, it results in a fall in 
scrum calcium within a few days. Tire effect 
is not permanent, as on discontinuing the corti¬ 
sone, the serum calcium may rebound to a 
high level. 1 The main value of cortisone is its 
use as a short term form of therapy combined 
with-the low-calcium diet. After two to four 
weeks it can be discontinued, by which time the 
calcium-lowering effect of tire diet should be well 
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established.* Used over long periods there is 
the risk of undesirable side effects such as liy- 
l»crndn*numrlicisni, ami masking of iutercur- 
rent infections. 

The mode of action of cortisone is not under¬ 
stood, although its main effect nppears to be in 
blocking absorption of calcium from the bowel. 
The administration of cortisone to infants with 
idiopathic hypercalcemia 4 -* and adults with 
sarcoidosis" results in negative calcium bal-. 
niiccs from fecal losses. Its structural similar¬ 
ity to vitamin D has prompter! the suggestion 
of competition for substrate." 

It is important that infection should be 
avoided as much ns possible, and if contracted, 
it should be promptly treated, es|iecially if the 
infant is on cortisone therapy. 

Other measures have been used to limit cal¬ 
cium absorpfion from the bowel. There have 
been no reports of phytates being used alone 
for the treatment of hypercalcemia in infants, 
but they have been used in the treatment of 
hypercalcemia in sarcoidosis in adults.* 1 
There scents to be no contraindication to their 
use in infants and they should increase the 
fecal loss of calcium if added to the low cal¬ 
cium diets. The disudium salt of ethylene 
diamipc tetra acetic acid has been used as a 
calcium-extracting agent. 4 We believe that 
this treatment carries a serious risk 4 * and con¬ 
sider it unnecessary in view of the effectiveness 
of other forms of treatment. 

It is possible that vegetable oils containing 
high percentages of essential fatty acids may 
have some use in idiopathic hypercalcemia. 
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IDIOPATHIC HyPERCALCEMIA * 

A Case Report with Asiays of Vitamin D in the Serum 
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Bjr David W. Smith, M.D., Robert M. Billiard, M.D., and Harold E. Harrison, M.O. 

Deportment I>l Prrllatrlcs, Johns Hopkins University School o/ Medicine, end the Harriet Lane llone, 

Johns llopklns Hospital 
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idiopathic hypercalcemia of infancy drons Hospital of Philadclpliia. The two mb- 
with failure to thrive. Jiy October, 1950,- assays were performed by Dr. C. E. 
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literature. With few exceptions most infants tho method of'Natclson cl el.” Concentration 
with unexplained hypercalcemia have been of calcium in tho urine was determined by the 
receiving preparations of.rtatjmilk with n m cdiod of Clark and Collip." 


I w 1932, Lightwood 1 reported a case of 
idiopathic hypercalcemia of infancy 
with failure to thrive. My October, 1950,. 
over 200 cases had l>ccn documented, 
chiefly from tlic United Kingdom. 1 -" Mela- 
tivcly few reports have appeared In the 
United States; Dcutch and Senturla" and 
Daeschncr and Daeschncr" described indi¬ 
vidual cases, and Bonglovanni cl «/." re¬ 
pented three eases with a review of the 
literature. With few exceptions most infants 
with unexplained hypercalcemia have been 
Receiving preparations uf..ciftv j_milk with a 
goodly infak'c~oPvitamin D, usually more 
than 1,500 units/day. Many infants In tho 
United Kingdom receive such dosage. 
Crccry and Neill* 1 reviewed tho vitamin D 
intake of 1.0S7 normal infants In Belfast, 

, Ireland, and found (hat SIS received be¬ 
tween 1,000 and 2,000 uuits/day. Therefore, 
it is readily evident that tho incidence of 
tlio disease among infants taking 1,000 to 
2,000 units/day is quite low. Tlic basic 
etiology of the disease has remained ob¬ 
scure, although the predominant fooling is 
that the condition is secondary to an exag¬ 
gerated response to a moderate dosage of 
vitamin IV- "• **• *» 

The purjKjsc of this paper is to report a 
ense of prolonged hypercalcemia in which 
assays of vitamin D in the serum were per¬ 
formed. 

METHODS 

Tho Initial assay for content of vitamin D In 
tho scrum was performed by Dr. Bernard Spur 


CASE REPORT 

History 

S.II, was admitted to tho Harriet Lane Home 
at 5 years of oge (September 15,1954) with the 
etrtef comp'a'nts of unilateral facial weakness, 
Intermittent obdomina! pain, ond poor weight 
gain. 

Tho patient was born on July 25, 1949, of a 
full-term pregnancy during which the motlter 
received supplemental calcium. Tho birth 
weight was 2,010 gin. Formula consisted of 
evaporated milk (400 units of vitamin D per 
10 ox can). At 15 months of ago homogenized 
milk (400 units of vitamin D per quart) was 
substituted for evaporated milk. Tlic Intake was 
about ono quart daily after 2!i years of age. 
Supplemental water-soluble vitamin D was 
taken in the following dosages: 1,000 units/day 
until 18 months of age, 1,500 units/day from 
18 months until 5 years of age, and 4,400 
units/day during the mouth before admission. ( 
Dcvelopmentally, she sat at 7 months of age 
ond walked and said small sentences by 2 years 


(Accepted March 17,1059; submitted November fl, 1958.) 
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AHT1CI.ES 


S ,4 at*)-. Kmm birth she liad frequent vomiting, 
d.iw weight gain. anorexia, relative constipa¬ 
tion, and frequent upper lexpiratory (Hints.-*. 

At 10 month* of age sin- Will fiist admitted In 
ll.nrirt Lane Hiiiiic 0.6,’) kg. Slio will 

a shin, undernourished infant with fretful dis- 
jvniii.m anti tendency to vomit. 

fViinculiaiinin of calcium In the scrum 
ranged from 12.2 to 10.2 mg/100 inlj phos¬ 
phorus, 4.0 In 5.8 mg/100 ml; alkaline plms- 
pli.iiaie, 0 to 15 Bodanski unlts/100 ml. The 
concentration of noiqifotcin nitrogen in the 
semin was 32- (9 mg/100 ml anil (lie content of 
{-.iiImhi dioxide 23.3 nnnule/l. Urinary excre* 
linn nf plicnoKnlfouplitlialein after inlruvenom 
injection was 00* in 2 hours. 

An intravenous pyrlogram wa* normal with 
no evidence of ncphrocnMnosis. Itocntgcno- 
grams of the long lmnc* disclosed slight osteo¬ 
porosis with relative Increase in density of the 
epiphyseal plate. 

During a 4-month period of hospitalization. 


under nourish)-d with an apathetic op|>earani-c. 
She prefi-rrcil to lio down, whimpering when 
disturlx-d. The blond pressure was 120/90 mm 
Mg. Tim skin over tlic alxlomrn ami lateral 
aspects of the trunk slmweil a faint eti/rf on loll 
discoloration, ‘llu-re was redness of the left con- 
jimctivac. Slit-lamp examination revealed fine 
crystalline ilejiosits lienealh the conjunctival 
basement nu-inhrane. There was brownish dis¬ 
coloration at the base of the teeth. Alidominal 
palpation disclosed variable tenderness with 
muscular guarding, most marked in tlsc left 
upper quadrant. No mass was palpable. 
Pressure exerted over the wrists and knees 
caused pain, though no redness or ssvclling wa* 
discernible. I here was slight facial weakness 
on the right. 

laboratory Findings 

In I ho scrum the concentration of calcium 
was 17.1 mg/]00«nl; that of pliosphorus, 4.8 
mg/100 ml; alkaline pliospli.-iUsc, 15.4 Bod.in- 


i i - , . .ii • . „„„ w .... v Miauuc, ia.w i km i.i il¬ 

ls hilorcivlvirig milk and 1,000 units of vita- sky units; nouproteiu nitrogen, 00 me/100 ml- 
mm n tv*r r u> c m Mtnllm».« u -...1 _t . . • . __ ° ’ ** • 


min D |»er day, slio continued to vomit and 
was dischnigcd weighing the same as at the 
time of Admission. 


and total protein, 7.0 gm/JOO ml. The content 
of carbon dioxide was 23.3 mmolc/1 and the 
concentration of citrate was 5.3 mg/100 ml 


h i/i iiuiiic wn» mc/iuu mi 

Between 14 and 20 mrmlh* of age vomiting (normal 2.5 mg/100 ml). Tim concentration of 


ceased and slic gained to 8.80 kg. Tlic con- 
eentralion of calcium in the serum during this 
pciiod ranged from 13.7 to 10.4 mg/100 ml. 
Slic was not seen at the Harriet Lane Home 
from 20 months of age until 5 years of age. 

At 3 years of age anorexia except for milk 
was a problem, and there was gradual onset of 
polyuria, polydipsia and occasional headaches. 
Three months beforo tlic second admission slic 
became listless and intermittently complained 
of alKlomiual pain and vague pains In tho ex¬ 
tremities. Two months beforo admission an 
episode of severe nlKloininal pain occurred 
with fever and leukocytosis (30,000/0110'). 
Because of these findings mid n rigid abdomen, 
exploratory laparotomy was performed nt on- 
oilier hospital. White plaques were noted over 
the peritoneal surfaces, which on biopsy proved 


hemoglobin was 11.0 gin/100 ml with a leuko¬ 
cyte count of 10.700/inm\ Urinalysis sliowcd 
a tiacc of albumin, no cellular elements, maxi¬ 
mal specific gravity of 1.014, and a 4+ Sulko- 
witcli lest for calcium. Urinary excretion of 
plvnolsulfonphthnlcln was 40* in 2 hours. 

Roanlganogrophlc Finding* 

Roentgenogram* of tlic abdomen disclosed 
ncplirocnlclimsis in addition to mottled density 
in tlio perirenal areas. Tho intravenous pyelo- 
grnm showed poor concentration with delayed 
clearance. Jtocntgcnogrnnis of the skull re¬ 
vealed calcification in the falx cerebri, tento¬ 
rium cerebri, pctrocliuoid ligaments and in¬ 
ternal carotid arteries (Fig. 1). The base of the 
skull did not appear abnormally dense. Bocnt- 
gcnograins of tlic long bones showed relative 


»o contain calcium. She remained ! , l«, «„d ™ , " * no '»"<» *"°'vcd relative 

suffixed from tcncraliz/vl.. a S r " , V"*? 0 "** (* 'S 2 with prominent tmbccu- 


suffered from generalized pruritus. A right facial 
palsy developed which resolved partially be¬ 
fore admission. * 

Physlcol Findings 

At the time of admission to the Harriet Lano 
Homo at 5 years of ago the weight was 11.5 
^8- Height-age of 3X years. Slic was slim and 


lar pattern, periosteal elevations along the shafts 
and a band of rndiolucnicv in the sulx-pi- 
physcol portion.of tlic long bones. The epi- 
pliyscnl plates apjicarcd relatively dense. 

Initial Assay of Vitamin 0 

Determination of vitamin D Ih serum ob¬ 
tained in September, 195-i, was performed by 
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Kio. 1A. Anteroposterior projection tliowlng calcification lu tho falx cerebri 
... and tlie carotid arteries (arrow). 


Dr. Bernard Spur, Director of the Milk Re¬ 
search Laboratory of tho Children’s Hospital of 
Pltiladelplii.n, and allowed a concentration of 
23 units of vitamin D per milliliter of plasma, 
as compared to a normal value of 0.60-1.63 
units/ml noted by Warkany and Malion.** Be¬ 
cause of an insufficient amount of scrum, this 
lest was performed on only four rachitic rats 
instead of the usual 8 or 10 animals. Tire result 
must therefore be taken with some reservation. 

Course (Fig. 3) 

Excnr.noM or CtLetvM or Unmet During 
tlte hospitalization of 2 months the patient was 


weak, listless and complained of occasional pain 
in the r* lumen and extremities. Initially, while 
roceiv. j a milk diet, the 24-liour excretion of 
calcium in the urine was 135 mg. After 2 weeks 
of-receiving a milk-free diet, the 24-liour uri¬ 
nary t .crction of calcium on two occasions was 
less than 40 mg. 

livrcncatxr.Mic “Csms'i On September 23, 
after 24 hours of poor fluid intake, she com¬ 
plained of severe alKlnminal pain; the altdomen 
was noted to be rigid, the leukocyto count was 
30,000/mm* and the blood pressure roso from 
128/90 to 210/100 mm lfg. She vomited 
blood-stained material, had a generalized con¬ 
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• Fso. IB. Lateral projection slmwtng calcification of pctrocllnoid ligament Tl* 
b»so of llw skull does not appear sclerotic. » 
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vulslon, and lapsed into coma, llw concent ra- 
Hon of calcium in lire torn in was 18.0 nig/100 
ml. and that of phosphorus \va* 6.8 in£/100 
ml. Sodium EDTA* (sodium Vmcnntc*) 
was given intravenously, 200 mg over the first 
hour and 800 mg over tho next 16 hours. 
Within 30 minutes sho regained consciousness 
and 8 hours thereafter was ablo to retain fluids 
orally. After 8 hours of therapy tho oxalate- 
|trccipitnhlc calcium in tho scrum was 12.8 
mg'100 ml, with a total ashed calcium of 15.7 
mg/100 ml. 

Subsequently, the blood pressure remained 
clcvalc *l between 130/00 and 210/100 mm 

* Sodium elhylmrdlamlnctctraacctate. 

Lamb soup "recipe":* 

IX cups strained lamb (prepared baby food) 

2X tbs. sugar 

X tsp. salt 

2 lip. olive oil 

IX tbs. rice (lour 

>2 or. water 


Hg, 1 icing usually 160/110. Tlicre wsinon- 
S|xmsc to administration of flaudfxin'9 or intra¬ 
muscular administration of magnesium sulfate. 
The concentration of non-protein nitrogen re¬ 
mained elevated between 35 and 60 me/100 
ml. 1 V 

In orde/ to cxcludo tho possibility of para¬ 
thyroid adenoma, an exploration of the nock 
ami anterior portion of the mediastinum was 
pci formed and no adenoma was found. 

On October 1, the patient hail 4 second 
crisis, though symptomatically not as severe 
as the first. Oil this occasion the concentration 
of calcium in tho scrum was 18.2 mg/100 ml. 
Sho was again given sodium Versenate^ intra¬ 
venously with improvement. 

Cortisonk Tnr.nAPVi On Oclolier 2, oral ad¬ 
ministration of cortisone, 100 mg/day, was be¬ 
gun with a gratifying fall in the concentration 
of calcium. Jlt-furc cortisone therapy, the con¬ 
centration of calcium was 14.7 to 18.2 mg/100 
ml, and tho alkaline phosphatase activity was 
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illy of itie epiphyseal line*. 



Km. jn. Roentgenogram at 5N« year* (September 
1054) (second admission to tbe hospital) showing 
irlstlvo ostenftnrosls wills prominent (raltceular pat¬ 
tern, periosteal elevations along tlio sluifls, rela¬ 
tive density of the epiphyses, and a band of 
radiolucrncy In the sobeplpliyseal area. 

12.0 to 17.3 Rodansky units; tlio concentration 
of citrate In the serum was 5.3 mg/100 ml. 
While receiving onrtisono therapy the concen¬ 
tration of calcium in tho scrum was 11.8 to 
13.7 mg/100 ml and tlio alkaline phosphatase 
activity was 3.2 to 11.1 Rodansky units. Tlio 
concentration of citrate dropped to levels of 
1.8 ami 2.8 mg/100 ml. She continued to re¬ 
fuse most foods other than milk, which she was 
allowed to lake. While on this regimen tlio 24- 
hmir urinary excretion of calcium was less than 
40 mg/24 hours on two occasions. 

On Novcmlicr 3, 1954, multiple petcchlae 
were noted over the lower 1 extremities but these 
disappeared in 3 days; tho platetlct count was 
3KN,000/mm*. 

Hie dosage of cortisone wns gradually de¬ 
creased and, finally, administration was discon¬ 
tinued. On Novcinlier 11, sho was discharged 
from the hospital with a mandatory fluid intake 
of 1,000 inl/day, with milk as desired. No vita¬ 
min D was given after admission or subse¬ 
quently. 

Five days after administration of cortisone 
wns discontinued, the concentration of calcium 
In the scrum had risen to 14.6 mg/100 ml, and 
after 2X weeks It was 16.4 mg/100 ml. On No¬ 



vember 30, the oral administration of 25 mg of 
cortisone daily was again begun and the con¬ 
centration of calcium in the scrum fell to 13.4 
mg/100 nil. In Jnnunry 1955, tho dosage of 
cortisone was reduced to 12.5 nig/dav, ami 3 
months Inter tho concentration of calcium had 
risen to 15.6 mg/JOO ml. Henceforth, 18.5 mg 
of cortisone was given per day until November 
1955. Tlio dosage of cortisone wns then gradu¬ 
ally reduced and administration was discon¬ 
tinued without a subsequent rise In concentra¬ 
tion of calcium in the serum. 

At the time of discharge from the hospital a 
linn abdominal inass was palpable in the left 
up|>er quadrant. This enlarged further during 
the subsequent week and waj associated with 
moderate pain. Roentgenograms of the abdo¬ 
men disclosed a mottled radio-opaque mass in 
tho left upper quadrant. One month later the 
mass was no longer palpable, nor was it de¬ 
monstrable by roentgenograms, lids was pre¬ 
sumed to lie spleen which became infarctcd 
and receded, with probablo atrophy. 

Low Calcium Diktsi In February 1955, be¬ 
cause of persistent hypercalcemia while receiv¬ 
ing cortisone and ad libitum ingestion of milk, 
sho was given a diet low in calcium with eliml- 
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Ftt. 1C. Roentgenogram at SR* yean (March 
1035) d lactose* Increase In the width of the snb- 
rpiphyseal rarefaction with minute trabecular frac¬ 
tures noted at tlw> ends of tlie long bones. Tlie 
nlatlve density of tlie epiphyses is again noted. 

nation of fonds of high-calcium content and 
substitution of a “lamb soup"* for milk. In spite 
of the unpleasant taste of the lamb soup, she 
took 600 ml/day, which contained 27 mg of 
calcium. The total daily diet was analyzed on 
two occasions and contained 53 mg/day and 
60 ing/dav of calcium, respectively. 

From tho time tho diet low in calcium wain 
iutrndiiced tliore jvas gradual and remarkable 
improvement in personality and activity. From 
a listless, fretful child sho became active and 
pleasant. 1 

Conci:situation or Vitasiin D in Sr.auMi 
Si* months after admission and discontinuation 
of administration of vitamin D, a vitamin D 
assay of scrum revealed a level of 5 units/ml, 
which is above the normal of 1 =fc 0.5 units/ml. 
A vitamin D assay jierforined fn June 1950 re¬ 
vealed a vitamin D level In tl»o serum of 20 
units/nd. This was after 21 months of a regi¬ 
men without added vitamin D. 

CiraaTK Tin it Am Tlie concentration of cal- 
.clurn in the serum continued to bo at tho upper 
limits of normal in spito of tlie low Intake of 
calcium, and the urinary excretion of calcium 

* See recipe In footnote on page 201. 


Pic. tD. Roentgenogram at OR* years (February 
1950) discloses re-mineralization of the radiolucent 
areas with healing of tlie minute trabecular frac¬ 
tures, calcification In the periosteal elevations, and 
decrease In tlie relative density of (he epiphyses. 


was high (108 to 208 mg/24 hr). In September 
J955, in an effort to reduce tho hypcrcatciuiia, 
she was given Poly Cllra® (molar sodium and 
potassium citrate),* 45 ml/day. After 8 weeks, 
the dosage was reduced to 20 ml/day because 
of alkalosis. With this therapy tlie urinary ex¬ 
cretion of calcium fell fiom 108 to 37.5 mg/24 
hours. Balance studies revealed a negative cal¬ 
cium balance of —94 mg/day just before cit¬ 
rate therapy and —23 mg/day after 6 weeks 
of citrate therapy. The concentration of cal¬ 
cium. in tlie serum was 11.4 mg/100 ml at the 
onset of citrato therapy and 11.1 mg/100 ml 
after 6 weeks. During citrate therapy the con¬ 
centration of citrate In tlie scrum was high, 
ranging from 0.2 to 8.3 mg/100 ml. 

In February 1950 tlie concentration of cal¬ 
cium in the scrum was 12.0 mg/100 ml and an 
additional 100 mg of calcium was given in the 
diet in the form of calcium lactate, 700 mg/ 
day. After February 1938, the concentration 
of calcium in the scrum remained between 10.9 
and 12.0 mg/100 ml and tho fntakc of calcium 

* Supplied by the Willcu Drug Co., Baltimore, 
Maryland. This preparation supplies 1 merj each 
of sodium and potassium/ml. 
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/ hw grmfiwlfy liKYcawl In 550 mg of calcium/ 
/ . fay In April J01S0. Ilic urinary output of cal- 
rlnm remained low. A balance iturly done in 
« posilivc calcium halanco 
°f , 152 "‘R^-Miours. Roentgenograms of lire 

alxtnmni and sk.,11 ma dc j„| v I950 rc ,. ra!( ^, 
no evident change in toft tissue calcification 
In July 1950. tf« cltrntc therapy was disetm- 
Ilintnl vvilli no rise In concentration of calcium 
In the scrum hut a rise in tlio urinary excretion 
of ralcium did occur from .17 mg/21 hours to 
1-1 mg/21 hours 1 month Inter. Tho concern 
tiation uf citrate in the serum fell from 8 0 to 
2.H mg/JOO ml. 

lletweeu July 1050 and IX-cmilicr 1957 tho 
- concentration of calcium in the scrum varied 
between 10.5 and 11.5 mg/100 ml. Urinary 
excretion of calcium in November 1950 was 05 
mg/2j hours and In May 1957. 80 me/21 
hour,. During this period the concentration of 
phospliorus in the serum gradually fell from 
5^2 mg/ltJO ml in Scptcndier 1950 to 3.2 mg/ 

'•In 0 Jii'TJ 057, "" d ,n Ma y 1957 was 

5 0 mg/100 ml. Tl.c alkaline phosphatase nc- 
«M y remained constant In-tween 15 and 20 
flodansky unit,. Tlic dietary intake of calcium 
was gradually Increased until | n May 1957 she 
was taking 480 ml of milk daily, and either 
cheese or Ice cream daily. 

Roentcsnocuams o. Lone Domes, J„ 

\* rt ., h ,055 > "'" ,c ,,w pa'lcnt was receiving a 
diet low in calcium and 12.5 mg/day of cortl- 

*" W * ^"'geimgrams of the long bones 
» Kwed a furthcr progression of the pathologic 
findings The bands of ..dieplpl.yscal rarefac¬ 
tion had become wider with minute trabeculur 
fractures noted at tho curls of several of the 
long bones (Fig. 2C). Tin, picture xva, prao- 
Ically the same in July 1955. In September ' 
, * 1 w, | ,cn t, '« was in negative cal- ' 

T" ’ a,ancc * roentgenograms disclosed ro- i 
mlncralfcalion of the sulK-piphywal areas of = 

£7" i ] ' c r dsot " ,c hi>»« wi,h ; 

hca mg of Um minute trabecular fractures, 
further evidence of improvement was noted in 
ron.lRenograin, made in February 1950 (Fig. 

2D . Osteoporosis of the shaft hadlxvomc lew 
i^cgrco w bile the relative density of Use epfph- 
)J« had become less marked. Roontgmo- 
gam, made in July 1950 disclosed normal Fk 
oone itmclure. me 

Ilrerarrusiou and Hemal Function, The f" 

L looC' 0 h *f. r"“""'r «•«••«* e» 

to 100/100 mm Ilg or higher until January 
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1050 wlwn „ 1 <cgan f a || , IK 1 J,, March , 9W 

c. . r W,r ° wa * J00 /70 >nm Ifg. 

Sturly of renal function disclosed (I,at the 
ermccutratinn of uouprotcin nitrogen in the 

,,ctwcru 40 a " d 48 
mg/100 nil. I„ January 1950. the urea clear- 

nee was 28% of normal, excretion of phenol- 

m xind ir Wa ‘ 37 2 '• ourl - a,Ml 

maximal specific gravity was 1.014. Urioah ,i, 

wn! «r« I UrC “ c]vnrMC0 ,n J^'.arv 1957 
r u ;. C , M ^ IOn ° f P^mlxulfouphthal. 
rln was 482 Jo 2 hours. *ugg ( „|„g J nc , m . 

prove,neul of renal function, Sjierffic gravity 
however, remained fixed ,,( J.0J0. J 

h u " , ' , ««grown, i n 

h e he iT r ": VC,y ,,OW; Imwcver, dur- 
R the next 3 months she grew 4.5 cm and 

during the next year, 11 cm (Fig. 4). 

NEunoLome Ounces, During the study the 
pa"cnt d,,playcd,cvidencc of nervous system 
damage. The partial right facial palsy which 
was present »t the lime of. admission revived 
n 2 weeks time. On October 25. 1954. a gen- 
cralircd convulsion wa, followed by intermit- 
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4 Dcvrlnpmcntil curve Illustrating advance- 
ment in iK^I,,. weigh, tnd bone age during the 

fmm Wilkins, L., The Diagnosis and Treatment of 
Endocrine Disorders in Childhood and AdoW 
ccuco, 1st Ed. Springfield, Thomas, 1030.) 
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with slow waves In left occiput (01), right occiput (02), and right pre-frontal (Fp2). Electrode labeling 
is International Standard. J.M.H, EEC #10705. 


Fe- 


lent twitching of the right cvrlirow and right 
hand for-3 days, Slic continued to have sei¬ 
zures characterized bv apltonla and gradual 
hiss of contact to tlie point of coma. These oc¬ 
curred at Intervals of from 3 days to 1 month 
until JJecctnlxT 1055. Five such episodes wero 
observed during which tho concentration of 
calcium in tire serum was not elevated nliovc 
the nonsciziirc levels, dn August 1950, admin¬ 
istration of diphenylhydantoin (Dilantin'S) was 
Iregun and since then no seizures have occurred. 
An elixtrocneeplialogram in Juno 1950 was 
grossly abnormal with independent foci of 
spiLes with slow waves (Fig. 5). 

At times lltcro was apparent hearing impair¬ 
ment. Evaluation disclosed normal rccc|>tion 
hnt Inability to perceive sound accurately, in¬ 
dicating a central inability to interpret sound. 

In A|wll 1056, a Wccbslcr Intelligence Test 
disclosed a verbal intelligence quotient (I.Q.) 
of 07, and a nonvcrltal I.Q. of 74; full I.Q J87. 

It was again noted that sbe had difficulty do- 
cipl wring the spoken word. 

DISCUSSION • 

.lire patient manifested a clinical pic-1 1 
lure of unexplained mild idiopathic Iiyjrcr- \ 


cnlccmia of infancy at 10 months of age. 
No therapeutic measures were tuken ut this 
time to correct the hypercalcemia, and when 
hospitalized at 5 years of age symptoms of 
severe idiopathic hypercalcemia were evi¬ 
dent. However, this patient differs in cer¬ 
tain respects from other patients with se¬ 
vere idiopathic hypercalcemia. She docs not 
show either the elfin facies or the osteo¬ 
sclerosis dcscril*cd by Schlcsingcr et al .** in 
n review of 10 eases. 

The daily supplementation of vitamin D 
which the patient received would not nor¬ 
mally be considered a toxic dosage, but tire 
initial concentration of vitamin D in the 
scrum was elevated (23 units/m! of scrum) 
and only gradually fell to within normal 
limits 21 months after administration of 
vitamin D was discontinued, at the time 
when the concentration of calcium in the 
scrum liecamc normal. 

The osseous findings in this ease arc of 
considerable interest since evidence of do- 
mincrnli/ # ition of bone was seen. Roent¬ 
genograms showed subcpiphyscal rarefac- 
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AltTJCLKS 


/ I (on, periosteal elevations, mid relative rare- 
fadfiMi of (Ik? shafts of (ho long Ikkics ns 
cooijwrcd (o (lie epiphyses. These changes 
ate similar (o those dcscrilHxl Ity Hms” and 
Debre” In eases of vitamin D Intoxication 
In children. However, roentgenograms in 
this ease did not show the marked Increased 
density nt the epiphyseal plate which is 
usually noted in Imtli vitamin D intoxication 
nod idiopathic hypercalcemia. Certain ex-' 
prrlmcntnl findings nro of Interest in nn nt-. 
tempt to understand the hone picture dis- 
played by this patient. Harris and limes” 
found that high doses of irradiated ergns- 
trrol given to rats initially resulted in in- 
creased deposition of calcium in the Ixme, 
particularly nt the epiphyseal line. With' 
prolonged therapy, demineralization oc¬ 
curred with resorption of the sulrcpiphyseal 
spongima. With time they noted that the 
renal excretion of calcium increased re¬ 
sulting in negative calcium balance. The 
demineralization is probably a direct effect 
of vitamin D on the bone tissue and it is 
possible that (lie demineralization of the 
Imne in the patient studied by us was due 
to a prolonged cumulative effect of vitamin 
, As hypercalcemia improved, rcmincral- 
izntlon took place, even in the face of nega¬ 
tive calcium balance. The source of calcium 
for remincralization was therefore endogen¬ 
ous, either from soft tissue deposits or from 
redistribution in the bone itself. The latter 
possibility seems moro likely since there 
was no evident decrease in roentgeno- 
graphic evidence of soft tissue calcification 
nt the time of remincralization. It is felt 
that the unusual duration of the disease 
ostcred the changes of demineralization 
Jfypcrcalciurin may have acted as a safety 
valve to allow the disease to persist so long 
before severe symptoms of hypercalcemia 
were present. 

In addition it should !>e emphasized that 
the patient has now !>ccn followed for 2 
years since the concentration of calcium in 
the scrum returned to normal (3S years in 
p ur,n K ‘I'h Period she has received a 
full diet with 480 ml of milk and no added 
Htamln D, and on this regimen has been 
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nonnocnlccmlc with a normal rate of 
growth. Though not conclusive, this follow- 
op does not implicate any other factor ns a 
cause for hypercalcemia in the absence of 
suppler“enlul vitamin D. 

Iho fall in tins concentration of phos¬ 
phorus In the serum noted in this patient 
during convalescence is of interest. Howard 
and Meyer” reported a low concentration 
or phosphorus in the scrum during the con- 
valescent period in adults with vitamin D 
intoxication. 

The concentration of citrate in the scrum 
was Initially elevated, a finding which Har- 
nson’ observed in hypervitaminosis D. He 
. noted tlint elevated citrate levels have been 
found in a variety of conditions in which 
demineralization of the skeleton and hyper- 
ca lean fa occur. Winherg and ZcUcrstrbm" 
reported a low concentration of citrate in 
t »c scrum in hypervitaminosis D, and Forfar ' 
ntid associates” noted a low concentration 
in idiopathic hypercalcemia, but too few 
determinations Jiavo been made in such 
patients to permit any conclusions concern¬ 
ing the significance of citrate levels in hy- 
percaleemie states. The subsequent citrate 
levels disclosed low to normal values during 
cortisone therapy, high values during ci- 
rato therapy, and normal values nftci^Hd- 
ministration of citrate was discontinued,»nd 
osseous healing had occurred. 

Tho fundamental reason why Idiopathic 
hypercalcemia should occur in infants re¬ 
ceiving moderate dosage of vitamin D is not 
settled. There could be a physiologic differ¬ 
ence in the response to vitamin D. Follis ct 
, * iavo that there is a wide vari- 

ajibly in the vitamin D requirements in 
infancy. A second possibility is a metallic 
.fee* ,n *hc degradation mechanism of 
vitamin D such that excessive accumulation 
of the vitamin could occur. In this regard 
hyfc” demonstrated high concentrations of 
vitamin A in the scrum with a greater than 
normal rise after oral administration of vita- 
mine A to patients with idiopathic hvpcrcal- 
ccmia of infancy. He suggested that there 
might be n concomitant defect in the meta- 
bolic handling of vitamin D. Fellers and 
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IDIOPATHIC HYPERCAI-CEMIA 


/ I in vo reputed studies of conrrn- 

tritiums of vitamin I) in tlic plasma of two 
Infante with hy|tercnlcemin, osteosclerosis, 
anil mental anil physical retardation. Moth 
of lltese infant* had high concentration of 
vitamin D in (In* scrum. Tlio levels were 
comparable to those fomul in two children 
wlm were given 100,000 units/day of the 
vitamin. This suggests some abnormahty in 
tlie vitamin D inctaliolisni of hypcrcalccmic 
infants. 11m assays of vitamin D in lltc 
scrum of the patient studied l»y us also sug¬ 
gest failure of normal mctalxilism'of vitamin 
I). On the other hand, Morgan and co-work¬ 
ers'* have recently obtained vitamin D as¬ 
says in the serum of two patients with idio¬ 
pathic hy|MTcnlccmia In, Infancy. The re¬ 
sults, performed by the same laboratory' ns 
the latter two determinations in the patient 
studied by ns, were within normal limits. 
The paucity of determinations of conccntra- 
• Hons of vitamin D in tlsc scrum of infants 
with hypercalcemia and the discrepant re¬ 
sults reported prevent any conclusions from 
being made concerning the fundamental 
metabolic disturbance. 

Whether tire role of vitamin D is primary 
or secondary, it appears to liavc been con¬ 
tributory ns a cause of the hypercalcemia in 
this particular ease. Since a daily intake of 
I 400 units of vitamin D has lieen shown to Ixj 
ndcqunto for normal growth nnd prevention 
of rickets in infancy, 41 it would seem ad¬ 
visable to limit the prophylactic vitamin D 
doses to this level rather than incur the 
danger of hypcrcnlccmla on higher dosage, 
rare though it may fre. 

Clinically*, several points are worthy of 
note. The retardation in growth rate per¬ 
sisted throughout tlsc period of hypercal¬ 
cemia. When tlso concentration of calcium 
in the scrum returned to normal and the 
osseous abnormalities improved, an accel¬ 
erated growth spurt occurred, followed Ijy a 
normal rate of growth (Fig. 4). Tlsc hyper¬ 
tension gradually resolved, with normal 
blood pressure being obtained when the 
concentration of calcium in the scm.o re¬ 
turned to normal Other effects of hyper¬ 
calcemia left permanent residua. Renal 


function showed only slight improvement.- 
Personality' function nnd seizure frequency 
improved with titne Imt the intelligence dc -1 
feet and perceptive hearing defect showed 
no apprcci.iblo improvement. 
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SUMMARY 

A enso of idiopathic hypercalcemia pres¬ 
ent from early infancy nnd diagnosed at 5 
, years of age* is reported in which the scrum 
n*$«iy of vitamin D indicated elevated levels. 
After discontinuation of supplemental vita¬ 
min D nnd a diet low in calcium tlic con¬ 
centrations of calcium and vitamin D in tho 
serum gradually returned to normal over a 
period of IS months. Roentgenograms of (ho 
bones showed evidence of demineralization 
rather than increased density as reported in 
other eases of /idiopathic" hypo calcemia. 
During a subsequent 2-year follow-up the 
patient has maintained a normal scrum cal¬ 
cium. Tlic etiology is discussed with par¬ 
ticular reference to the role of vitamin D in 
this case. .• 
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Adniiiioirjiinn of vitamin D in high dosage 
produces istraosscous takiikatitm, renal failure and 
usualls hypvrcakacima. with a characteristic tel of 
*yni|WiNit\ Mean*. I9MM. Its effect* on bone have 
been alhidd to in a number of publication* .(Jeans, 
IVX): Ho.., IVS2: Dcbrd. 194*; Anning. Dawson. 
Dolby and Ingrain. I94H; Kom and Williams. IVJ9; 
Tumulty and Howard. 1942; D.tnowski. Winkler 
and Peters. 194*; Howard and Meyer. 1948; 
I n email. It Hoads and Yeager.. I94H; Thatcher, 
I9.t||. In adults Ilk. characteristic roentgenologic 
hone finding is rarefaction. In children rarefaction 
is also repoited, Ikii with the additional finding of 
increased density of ihc /one of provisional calci¬ 
fication. and pcrntsical thickening (Itoss. I9J2I. 

The following case report^ demonstrates that 
****** infeslion ol vilanun It nviy bp accnntp.ifs.cd 
by a severe degiee of osteosclerosis, which is rever¬ 
sible. in addition to its better known effects. 

Case History 

• A Ji-ycar oW white hoy was admitted to the Ortho- 
poedK Hospital Clinic complaining of pain in Use right 
kg and flat feet. At the age of J he was considered 
clsewlicic to have riefcets on the basis of a ’peculiar 
feeling to the hones of the skull'and radiographs of the 
wrists, lie was given two capsules of vitamin L> daily, 
each com .noma,50,000 units. in addition to two lahk- 
sivvtns nr mure of cod lisit oil and multivitamin drops. 
A few mourns after this he ileseloped nausea and non- 
leruler rrenrtenl lumps tlic si/e of half a lemon, over holh 
tihias. llrs physician prescribed sitamin C and ihc 
lumps dis.ipfs.aresl. In addilnui to the vitamin therapy 
at home, he was given a icaspoonfut of cod liver ml daily 
at nor .cry v'hnol. After nine months of tins therapy 
l« became writable. restless and nauseated, and the 
v.tamms wne stopped h> the family. At the age of 
41. a di .gnosis of rheumatic fevrr and anaemia was made 
anj iierlment was stjried with ferrous sulphale and 
smlitim salicylate. Ilis appetite *as good, hot he con¬ 
tinued to be irmshlc /ml restless, sleeping only five 
hours at night. During the ensuing year his refusal 
to parlicip.ur in school activities was ascribed by his 
teacher to stiffness in the rstrernities. 

Hi* birth weight was N lb. N or. lie was the son of t 


young woman who was married and separated before 
the child was born. I .a hour and delivery were normal. 
Me was breast f^d for eight months. He sat at J months. 
Mood ai 10 months, and walked •: II months. Hit 
Tint tooth erupted at 4 months. 

lie wat brought up chiefly by the mother's parents, 
while the mother worked. At an early age he had a 
tonsillectomy, adcnoidcetnmy and circvnicition. He 
also had mcaskt. 

Physical (lamination revealed an akri. hyperactive, 
well-developed and nourished white boy iFig. 1 1 . Three 
was increased A-P diameter of the head with a suggestion 
of frontal and parietal bossing. The eyes. ears, nose 
and throat were normal. Dentition was normal, and the 
teeth appeared healthy. The thyroid gland wai not 
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arhhihs or iususi. /v in mu man 




|gl|Ul<lr I In' iIhh.ii slurwed IVJilidu of eosliwhomlral 
juuvtions I lie I wart, li«*» anil jWikimi showed m» 
.ilniiHiii.iliik'x 1 Ik - genitalia »crc mifni.il Inf a Niy of J, 

I he testes wcie in the scrotum. 

I In 1 epiphyseal (ipuni nf 111 * l<inf hones ncrc iiivl) 
ami hnutl 11 hic was mi wmleiiicss nr pain. lliere 
was eversion of Ills' o* v.ik'is ami lose iif the lofHiluilm.il 
arch hilalsiuMv liters" was some spasm of the ls.fl 
iivins f.*fiiino niiiss'k' ami Ji' iliTint lleiion eonlravtmrs 
til iIh' knees lliy skin was clear. Ilwfe were no 
pal|i.ihlc lalsiiv ileiHAiis anywhcic. Ilwns was a 
Iw.ik'il cvvlo iimisis on llie laleial .opesl of Ihc light 
iliieh. 

A complete hhn*sl einiiil sliowed I TO nullum Cl > I hol¬ 
es les. I? * |t. li.iemoglolMit. 10,400 IciAWyltfs. wuh 40", 
Itolyntoij’hs, 52*, ly mphtvy lev. 4*, eosinophils, and 
4*. ir.insiiiiHi.il for ms. Urine analysis sltowcd pale 
yellow urine of specilic giaviiy I.UIJ, aeul reaction. no 
sugar, acclone, albumin in formed ckmeius. Urine 
calcium was 0 19 g. in a £4 Iwmr soluinc of MX) ml. 
Serum calcium was 17 nig. (x*f I*** ml-, pht»spho»u* 
i-2 m*. per 100 ml , alkaline plmspli.iiasc IV King- 
Arnistron* unils, acid plnisidulase J I King-Armstrong 
units, andvprolein-houml iodine M (<*• Kailirv 
graphs showeil generalized increase in density of Ihe 
bones Alternating hands of decreased and increased 
density were inesent in tlie meiaphyses. best seen at the 
wrist M i*. 21* The cortices of the metatarsals, meta- 
carpals, and phalanges were thickened. Mciaphyseal 
areal wvie a Imle wider than usual and remodelling 
had mil proeeedeil mu malty. Tliere was som; en- 
eroaeliinent on tlie medullary canals at the emit of the 
long himcs ami in tlie shah, caused pmsihly hy thickened 
ciHtcs. The base of Hie skull and cranial vault were 
increased in density II ig. M 1 hs- peluxlimnd ligamenU 
were licasily ealcilied. Periarticular caleilieaiions were 
present ahoul the feel. hips, hands, ankkw and shoulders. 
Kidney shadows were dense hoi not markedly so. The 
lumbar ipmc si towed dense and square appearing 
vcrtehial bodies il ig. 4|. Inlerveriebr.il disci were not 
calcified. iSofi tissue eakificaliim nr periosteal new bone 
coukl he nanle out aUmg the sternum. 

A chest film giaile two years previously showed no 
abnormalities in Use lung lieldi. and normal bone drnuiy. 
1'itins of the wrists and skull nude one and a half yean 
previously showed normal hone density tfigs. S-A). 
/ones of provisis»n.il cakilk.ilmn were maintained The 
epiphyseal linen were not widened. Ilony maturation 
Ciurespimded satisfactorily with the given ehromdogical 
age of 4 yean. The skull showed no abnormalities. 
T here was no toemgen csnlcncc of rickeis. 

The family was insirusted lo stop administering 
vitamin l> and presumahly did so. They did not return 
for follow-up observation and c.nc eiceps sporadically, 
as he was under private care for general paediatric 
supervision. 

Radiographs were obtained at seven, eirht and 10 
months after initial examination. An anlero-posterior 
view of tlie pelvis after seven months showed a thin 
/one rif decreased ilcnsiiy ahoul the pelvic hones, 
probably representing new growth (Tig. 7). I emu'll 
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aucrirt were Men to he delicately omlincel by calcium. 
A month lain, film* of the wmtt showed widened rone* 
of relatively decreased density about the ends of the 
long bones, presumably representing bone laid down 



since tlie palicnl mas taken off massive doses of vitamin 
U ig *1. PerurlHular takiinatuMi presided. Ilony 
maturation mas about 4 years, definitely retarded for the 
chronologic ape of f> years and 2 months. 1 wo months 
later /ones ol lessened density mere seen about the 
meiaplivH's adjacent to flic knees and ankles dig. 9a|. 

I ifteeit months after our firms evannn.itinn. he was 
taken in his private paediatrician, mho kindly provided 
us mult data concerning his course during the neat 
several months, lie mas kept in hospital at this time 
because of fesei, smelling of face and abdomen, and 
hacmaiuria. after an uptm-r respiratory- infection, lie 
had slight fever, tachycardia, a hlinnl pressure of 180 120 
nun. Ilg, and moderate oedema of face ami abdomen. 
Treatment mas instituted with strict bed rest, penicillin 
and mi nictate salt restriction. Parenteral reserptne and 
’apresolinc’ Ihydrall.t/mei were given for one week, with 
a drop in blood piessutc In I JO 8) mm. Ilg. An inter- 
current viral gavlro-enicrint mas follomed by loss of 
facial oedema and asr^tci. Illood pressure remained 
between I JO *10 and 110 80 mm. Ilg witliout fun tier 
bypvvlensive drugs His weight bad dropped to 40 lb. 
from 48 3 lb. on admission, llis urine which had many 
red cells on admission, cleared to 20-23 per h.p.f. and 
he was discharged home. 

Radiographs during this period rescaled bone density 
to he less than previously. CaloficulHvns were present 
in live fal* cerebri and lemorium. Periarticular calci¬ 
fications mere still evident about the hips. The trans¬ 
verse diameter of the heart mas at the upper limit of 
rtormal. P.enal shadows were moderately dens*. The 
lip of the I2lh rib was apparently fractured. Bony 
maturation was about 4 years, compared with Use 
chronological age of 6 years and 10 months. 

Laboratory studies during this period and for the 
nest several months are tabulated I Table I). The blood 
pressure rcma.oeJ near 120 W mm Ilg on hypotensive 
therapy. The urine continued to show albumin, red 
blood cells and cas:s. 1 he blood sedimentation rate 
and non-prp|cm nitrogen remained elevated. 

The family did not follow the rigid routine of bed rest 
prescribed, and sent him to school without medical 
permission. 

When he was seen by the author one year after being 
in hospital under l)r. Wollmann, he was an alert. 7-year- 
old boy with a uraemic odour and marked pallor. 
Illood pressure was 190 1)0 mm. Ilg tlie fundus 
allowed moderate crossing changes Nil no haemorrhages 
or papitlucdema. Lungs were clear. The heart was 
enlarged In iwrcussion and had loud (ones of poor 
quality. There was a late diastolic sound suggestive 
of a presystolic murmur. 1 lie abdomen showed no 
nhnormahties. There was no ascites or oedema. 
Skeletal survey by radiograph at this lime showed 
continued loss of hone density th'ig Vbl. Bone of more 
normal density had been laid down time vitamin dosage 
had been discontinued Tlie overall decrease in density 
had been spectacular. Soft tissue calciltcalions were still 
demonstrated in live tissues about the hips. Otest film 
showed the heart to be moderately enlarged. The renal 
shadows had decreased in sire and were increased in 
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*" h,n "«»»»•»•*' limits. Wood 
studies and urme analysis .ire t.ibol.ne.1 <Table 2) A 
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" \ W d U * ln , f’" f of however, ihe family 
•muled he attend scliool if at all possible. The ntxi 
fcw weeks u» development of widespread etxhymosis 
oor.n, „f Wood from the nose. and incrrase7deXof 
breathing with gallop rhythm. The family C jllcd m 
■ physician lis tng near them, who supervised h.s hnnw 
care. Ic dKd um after being readmitted to hospital. 

ZEW ^ «**.««. The heart 

SSSi^tIL "* Wl * fn,r *'« nK, **'***eJ 14 mm. in 

SfiK‘jr7.2"«sr * 

Warm, tJL Un will* d " k , rcd •" d n "" Pt*'criorly. 
■ert mn *riL ie, ‘. ^*‘ >od5r * ,ml mucoptiruleni on cut 
!£t. ?n tl^Ti e, ‘ ,, ; ,,n,c *" ,wl ''act showed haemorrhagic 

TVre la. an'mVeo P ° r,,on ot ,h * *»denum. 

mere war an intestinal intussusception about A. s 
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Doth kidneys were embedded in a small amount of 
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granular. The pelvis appeared normal. 

Lymphoid tissue was grossly normal The thvmirf 

nwiTa? CJ T^ C &' Th * p - va ' h > roid «»•"<»» appeared 
nornul. The bone marrow was deep red-brown in 
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extensive att^tfTuiZ" [T? V« 
•l^-«lh«iShto M 55 , i remain 

There « a marled inientii it mf * c,c ' cf,, • formation, 
"action w«hS?t* ‘""■"■W* 
•h« renal parenchyma r.t °* * ale '«n» throughout 
*°rtes and VlSS^, C £^l • ^ W ^ 
cell*, at ether timet within »t » ® *ithin tubular 
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* IDIOrAV.ilC HYPEjeCALCRi-IIA AND SECONDARY 
HYPiaCALCSivCA INDUCED AY BVCF-SSIVU 
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A Dl-51 NI STRATI ON 


'iiJJ AY BXCF-SSXV2 

c>* vi'min d 


... Te’dlrttries . _ 

Vol 69 , p 5 '* 54-'*66 . . * Flavio°Vc 3 ovini^ !*«<¥ 

It b i - v : 

eic was first described by Panconi in cro r 

Lltfjtwood described a similar? SuJ lees Sive condit?on° yC * r * 
characterized by arrested Growth -iorrrS JA,??, ■ tl °?* 
tlpation, with hypercalcenilaM’ hyre^zo?^^ ^i, 00118 ’ 

* »*«M has boor, Elvoi' a; mnfof e Sve‘?^n 

»im ,js u -«•** 

»t!i» 2 ».SSJKSKfc 

uii/., lhCio.iSed oloiialwation of calc inn in tho urine 'iv w 

* sS-’^n-’S^ilS^iTb’ i fcype I csl coaift « BlhaHr,e’ ? -iS?phlt«M 

oio-,’-?^ni 10 8u £ uf ?°, '-’Ibh craniostenosis. Also found on several 
oe<t«ions „« fAciaA paralysis m the peripheral area <«£££ 

Shd'r'i y|!£o'i'" t?s,ph J 10 “°?i ° ttan in children 

u yr.rij Ill Sn 5 . so * s c&so. tho n/iM r»<* < 

vlt'-°f trArtS l to ' ry oial Paralysis, arid convulsive ncti- 
vit., ..u.nercus loci in tho PEG (J3;,ilth et '■l ) ,i„ A 

n'-e. l^^probably^linked ? : * ntho r* oxxn typo And hepatoaplwio- 

,« . y * probably linked with hypcrcholcs terol oni a. Pro-no Ms 

in t.ie crave fora is reserved, since It Is tlld ln wm 
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frequent apparition of iri*ovcr»lMo renal insufficiency. E50i» 

The symptoms in the ;.iil<l fom arc* novo subtle. They in- 
c] no o anorexia, vomiting, cor.;;tij>::l.icn, less of weight, hypora- 
7 . 0 ten?.a, mile acioosis, Hypercalcemia and Iiypcvcalciurih asuo— 
cj.nl ml with a curtain incroaso in bone density, end arterial 
hypertension (V/inoberg, Lowe). Tho prognosis, if therapy if; 
initiated early enough, ir, benign in such casos. However tho ** 
harder] ino botveon tho grnvo ar.d mild forms is not clearly de¬ 
fined. J 

> 

Idiopathic hypercalcemia nmol ho distinguished from 
noco.idnry nyporcalconia following on primitive hypcrparatliv- 
roidi:.M, sarcoidosis, tumors, lukcmia or Addison's disease, or ’ 
from ovoruoscs of vitamin D. Tho therapy is hr.sod on adminin- .. .. 
tration c»i cortisono to hinder intestinal absorption of calcium ‘ 
Jhimujorp ot ai.J, a«d sodium phytato v and oh a diot of dccnlci- 
fiod I’uik.cicsor with Dent's method front) or hy the addition 
of 10^ fcoucul)).iato (I'.ov.'orslci)» Sodiuu othylo-'ie-'Cti-r.iiiiuO'- 
, 1 o t r a - a c o t at o used by sor.io is not rocomnendod hy others hocause 
of a posciolo toxic reaction. * 

Vnilo cases of idiopathic hypercalcemia reported in the 
An/ci o-uiixon and Swiss 1 itoraturo are numerous, and v/o know of 
two published reports in tho French litoratnro (Iioycr ot al., 
iorfar ot al.J, thoro seems to have hocn no such caso reported 
in tho Italian literaturo. * . 

v,*° thought it night ho helpful, thoroforo, to ronort two' 
casco of mile idiopathic hyporcalccnia handled in the Pediatric 
Clinic of tho llnivorsity of Siona, and to comporo the various 
clinical and laboratory aspects of thoso with two cases of vita¬ 
min I) poisoning wo rocontly ohsorved. —-- 

Caso nC 1 . - D. Angola, 9 months. • 

A.F. Nothing important to report. 

A.P. horn normal J y at term. Birth-woight 3 kg. 

rao nourished on nothor's nilk for throo months. At tho 
onn of tnat tine, sinco the baby grow littlo, the maternal food¬ 
ies wore integrated with powdered skin-milk. At two months, a 
slight ocaenntous outbreak on tho face, which spontaneously ro- 
g.rcssoo r.oout tho third month. Bronchial pnounonin at 4 months. 
Starting then, the baby was given a vitamin compound containing 
zOOO U/ec of vitamin Dj, in dosos of 10 drops per day. Towards 
hoy fifth month, tho baby began to exhibit irrogular vomiting 
niKi anorexia. V'oight gain since then has hoon. oxtremcly slight. 
hecenUy those symptoms have become accentuated. Vomiting has 
been move abundant and more frequent, and anorexia ir.oro pronoun¬ 
ced. Tho baby shows abundant diuresis and intonso thirst, with 
a tendone/ towards constipation. 
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5.5 ): C . 5: V ,ct ^yp°tyojiiiic t VO i C )ii” 

Vj sihlo mucosa ? ,lo! «;{; *• a *'* *iSHly dehydrated. 

Lymph Blnndr. unaffooted. .' ,0& '-yp^^ophic, hypotonic, 

moo l coinpic'Coly C <»£;si f iod*^Vy *o^ A J torior fonti ^eHo nl- 
licRativo. y s * °“ r “* woso, mouth, phraynx all 

nocu 11atioTi ~i~£nd i°nor:na 1 ] C '°° C ox P a,5ai oa. Porcuceion and • 

clear At“~aiT*foci. 'pnlo^vigcroKe^fastl’ 18 * T ° nos puro R,,d 

»..a ” orm&1 - ,olnte 

m(«»rS£-S; ' wo a i;:'1;i J*®K ^S"J.SS"£i . 

ohous little intorost in her iSrioundiit4f 0tfUl * Apat),ot ie. ' 

^ "*i 

Labora tory oxp.rair.atic n.s * 

755S5V? .‘” ! »««*» 

linmcn: fc*Oe .; r> »o7.y Ini uric v Cluc: ri *°i ecotono: aho.« *1- 
aodinont: no£ " yl * xurxc ***** ^s.; calciuria (SulkowlSiJ+^7 

nes. Calcoisit: l faa s 

IOC npi;. Alkaline Jcoorvof,£???'”; i?- 2 U - B - Clyccwul 
Jhonphatuna: 37 mrrS» [iiir. r ~~/o ■ f e f • Assotoiaia: 30 M» r rSi. 
Sooinontr.tion rate: 22 rw/h- "^Toto n° * # Chloremia: C6 n-!q/lito 
trophoro&ir,: nlh. ; 60.3?J;alnhai • 6 *®’C*5». Kloc- 

Rmr'.ia: O.Ctf. j; yo edcko^ranlJ;ti2-\? 1 ^ a2: *l 1,2,,i5bet,l ‘ U - 3 ^ 
j^xn^nation •of~clv:r7n^T:'^-5-^;7?~/ ‘, .^? c 2atiyo . Radio l o fI ical 
no endocranir^aicTiXcatior. i* r Uo 1 ?$Z 0 ?** ial . Por uT)^iTnT 
ol-jOcton: no focussed c'-olotn 1 nation of thj 

«-«onnn^i'^t^^T 8 v l to «?wrs^5ss5 


Courao. 


normal i antion^cf^tho *1 t*bor°t orv v, ° o2 >sorved a rapid 

81on ° r clJn ^ JS& SSii.l'g 

luiucd, thc'ba’hy rc°al5od 4 ?on ! 'fo- 5 ' 0r * 1>y v ' as tri,i trarlly diocon- 
°»°o a C ni» to oxhiMt a^W ,»£Sf. ? 015 \ toa d ^ £ ’ tkon So-iin 

HoUrnod to tiio clinic,"oho v *o found'h^h 17 ' 11 " 0 ? 8 ’ " nd v «*t«no. 
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of tor eric T "•?«* '“»«■•> 

1 . 1 'i.l coed, end l>or Mliy fijeewth J.tiekctorjf “at- on"lhi D 
cnvi* arc nnnneu up i» y&2>lo 3 1 ,lL ** on tnio 

Cnfio n* *• - ).l. AntcJiclln, 6 months. 

* r>‘ "* othir ‘o importnnt to report. 

A. 1. Born norma}ly at tor,a. Birtli-voieiit <4 k s . 


* ' ■•» » vi* 4 A UJI to,;' (MI'OSj. r,« A « • * _ —z 

fnl and agitatod, nartioularlv »tYi»kt i, M ,y ' ,cs ^i 00 frot ' 
6Ivon any vitnuiA proparatioA? ‘ ’ Sho h “ <l > ’ oyor >ewi ,• 

••• * • 

Clinical oxanination 

- . y 

l.v<lrvto<l Ct, "/d?L! > rf itiCn rur ‘ <,OKn - Skin pa]o, not perfectly '~ 

llXnt, WcJSS: unafvEoctod? ECUlar 

m -1 1.0 tkrreV C J :lfor ' :l;it ' !on '•■'ocular. Anterior fontanollo nor- 
Vl'era-- " y svi’t 1 -°riiai“ >U * h * , oarB> P h a*y»x, necativo. 
akcuI tatTon”*:Vrndinge norraalk B00C 0X P»**“«- Porcussion and 

clear at^focif" 18 >,0;mr ' 1 linits - P»ro and 

v!r^----’ Bypochondrial organs normal. 

articulvition: no <3aia:«<rn- F v tnvnfi1 rnrvl + nl 

or,T/.no: normal . iiTAppourHnciT.T w — 

• • 

LaBoratory oxr.ninn.ti ons: .* * 

a . ^ n i^txv.doi.v.r.3ron'etion • mirM < v,„ n » . 

1 l JSj. 

M • 'i it % »i. J. Urinal yijis • w • .it. ' 1 

ncotono: ftbs,; c7TicYiTr/a~(Sul'-oricM ' •' • d/ni •' £^ ucose: a ^®*i 


lesions ”° f ° c '*Ksod otsoous 

Jl H'Oicr.j uit icavAOi: in i-Jio Icjo oral motapliysos. 

ention * <li0lOSiCr *l oxauination of ‘*'bdo:non: no renal cnlcifi- 


■ - 4 ~ 

i r , ,8M ' 
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cri* 


# ogi cr ] examination of omnium: no signs of onrto- 

«i.pl Try}> oi-1 oiwiion, nd~”aji>/ToY«aal “ciucu'icatlon. 

Conr.so (Tablo 2) 


After a few days of hydrocortisone therapy (15 Mg in di) 

I mid sodium diothylriJinototra-acclato (given intravenously in 
doses of 50 i.«g por leg in di for 5 days), tho baby began to oat. 
again. Fever and vomiting disappeared, general condition rapid¬ 
ly improved, and Loth hlood and urine calcium love-la dropped to 
normal. 1)3ood nitrogen level quickly returned to normal. Tho 
baby was released after 20 days, complotely rocovorcd. About & 
month later, r.ho war, admitted again with an abcoss on tho left 
check. Tho symptoms described above had not returned, and sho 
was gaining woigut regularly, blood analyses showed calcium ~ 
lovels still within normal limits (11.4 rag#), normal phosphorus, 
increased alkaline phosphatase (20 U.B.). i 

A chock “'-y-' months Inter in tho out-pationt clinic 
showed that the baby v;as in good general condition. Asido from 
a slight rise in tho alkaline, phosphatase 1 ovol'laboratory 
findings wore normal. 

J 

To. sun up: bore wero two babies, agod 6 and 9 months, 
showing tho same symptoms, basically vomiting, a halt in growth, 
and low fever, accompanied by hypercalcemia but without signs 
of renal involvement. . • 

• • ' * •’ . 

Tho first patient had rocoived COO units of vitamin D 
per day for sovoral months, while tho second had received only 
what vitamin D was in tho powdered milk used for her formula. 

Nov; wo shall report briefly on tho two cases of vita¬ 
min D intoxication we observed. 

• ^ ^ * 

Case 1. - A. Noberto, 8 months. 

A.F. k - Nothing important to report. 

A.P. - Born normally at torn, liirth-woight 3.5 kg. 
Dronot-fod exclusively for 7 months. From then on, breast-feed¬ 
ings woro augmonted with nilk-and-coffco, hot coroal, biscuits 
end fpruit-joico. 


Tho baby 
a month ago. At 
vitamin D.>. thon 


had always beta well, and grown normally until 
that tiv.'.o, a doctor prescr:bod a heavy dose of 
a preparation very rich ir vitamin 1)2 (200,000 


U/cc) in dotes of 100,000 U per day.' Since then, the baby has 
shown increasingly moro marked anorexia, and irregular epurts of 
fovor. Crowth lias stopped, and recently there has even beon a 
woight lose. For sovoral days, ho has boon palor than usual, 
oxtrenoly fretful, and has vomited repeatedly. 
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• s ' : ^' very pale, doliyd rated. X*,u- 

quiL c i.JiSi,, oubcui*;:*Av>oii:j <':<liponc layer sc;*nLv 
,,n„0o »n«ffoclod. Mneyylar *.-, BS oo‘hypoxic h^KHri'.yf.U. 
SJ.olotal sys terj apparently car.ifcctod. * 

Co ; ifOiviation ycgolr-r. /.ntorlor fonlnnollo nlraoct 

M»7? ?J?J\s£y? fcyos * oaro * , ' 050 > nout> - Pharynx 

• • * > 

‘ ,£2i*IfS : Symmetrical* toed expansion. Percussion and 

n.sciJtiifiOi't iladings normal. 

. . Il£2£* : K«r,r.“i*o within normal limits. Tones pure and * 

clear from ..ll ioci. .also rhythmic, pounding. Artorinl 
pressure: max. 140, riin. 95 . - 

. ' 
Aboorvicn : Plir.nt. Hypochondrlal organs normal. •’[ 

,»r for n T h< ; * aI) y apponra to have marked psycho- 

notor A£xUhio.i, accompr.nico by almost continuous cry .in r. Ho 

‘ f! 1 !, 1 '! !J! C “ insnr ficicncy or men in goal signs wore notod. Pro¬ 
found and suporiicial rcfloxos normal. 

T»r.b o ratory c::ru.‘.inat ions 

Antituherculin intradormoroac Uon: negative. 

„ .„. Appearance: clear; color: palo vollow 

Specific .-.eigne: JC08; gluc.-j cbs.: albumin: slight clouding: 
ncotono: a be..; calciuria (Snlkov/ich): +n + ; Sediment: 10-20 
leucocytes in tno field, numerous exfoliation cells. 

40?!; Si'3S; 3 R?° ?S?° 0: C - 1 ’" 9 - 6 °° : '" b: 7S * : VC: W Ni 


., _ waoiojogrcai examination oi skeleton: no osscono alte¬ 
rations, no Modifications of normal growth procoosos. 

oxcinination o f a.bcicrr.en: no ronal calcifi¬ 
cation. ' 

Blood pr otoi ns; 8.20 grtf; 

.^CPt^oiilfor orri s: alb. 54.8%; alpha ls 6.7tf; alpha 2 : 
L 1,0 '?' gr.mma: 14.4%. B_1 oofl qodivn : 168.4 riKq/l. 

°.• 3*0 mKo/I. Tota l c;u_o:cir.v»: T20 uiKq/1. Urino 
J-i : ( ♦• >«icod pH: 7.38. 1 l'looa“choTe:Ttc. r.i n: 206 r.i "r'\. *1iS~r,7wT 

su gar : 98 Mgr,i. -——- - ' —- 

Medullar y biop sy: Scarcity of immature rod-sorioo olo- 
nento. Au.-.orous nonocyvoid dements. Normal maturation dovo- 
lopinont of tho whito sorios. 

• • 

ONLt Uui' I' r\ •’< t.._/ >,j* - — — * - - - 


,;i •. 


1 *1 










. L . 




1: 


tlon. KM^“<ht l . n iri!-o r -!vi : -" 10 ?. lsns <n " »y«e#rti»l Jt£- 
l.ly indicating a slight hypopotkssouli'.' 0 PJ o0o,lfli " 1 1)1 '• . 

. _ i-JL* normal. 

OpI TtiiTnwortconle oxr m inai[n» ; ncgativo. 

Cours e: (Tablo 3). 

After 10 days of hospital li:;a+ ion. t ho babv'p r 
i r,lov, 0 y improving. VoalMng J.«d diatinwIJod m! ? 

, ?n . c ® 0 “°? «aW;*MM! could si 


ondition 
tho growth 
it up and 


-- . MUiitn avior aa- 

Af lor about two'.uontSi^thi’l.'-.bv «“*««»*,»•«•« hack to normal, 
condition, and with thi hiood'cLi-Ltry So^SEl? 0 ”- 


Caso 2. - F. Paolo. 6 


* 

icon tho. 


i‘* F n £’ ot *' in S important to report. • 

Dirth-v/eight *3^!cgf *°Bror st-*od Tor’ll sT"' If™*** ^ed). ' 

t..ou C h a hn ciow.^r^u^-; sss rs.5rssa.«® ,i “* 

piously, growth slopped! ConstinnJi™ S? a vol 7 co ~ 

patient has been vorv nOn cot in. .>inco then tho 

ports that sine’s tt^hj 0 ^ ' fh ? ' r ° AoT ™- 

him 10 drons ncr day J J old ® ho has b eo:i giving 

vitamin D 1200,000 U/cc). ’ * n juo.'aration very rich in 

CMnioal examination, wif/iit c •» i._ ,, . ... 

of skin anci mucocnT—.sTTijtnr.~iinJ,« 5,7 b St Marked pallor 

cular wasscs hypotonic. ’ MU3 ' 

Nornal ^.^^“SsrSSih. JK£S? ‘JKSF* 2x2 ~* 

clear T ° non P>>™ *"-» 

Cy. Arterial 

dscslUtUT^^tain^SV C °° d OXp#BBloa - P° rc uosion and 
within J-OT^f ”5S: , ' ivor 2 cw froa cro. Spleen 


• .4 
t 

I 
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iiion in^-oal 'oi^u*** - J . m V intoroatoil in 
rofJ.cxoa normal. 1 1 olcnc - Superficial and profound 

Joi;,t«i and articulation nov. Ja ] 

'“ 8l e< ’ ni / 4 -" 1 ia »«»»» in conformation. ; 

In hqratory c yaninati ons 

Urinalvsis: ' i r j -> a / 

for leucocytes. Phosphaturia • 30 ,Ut' / : fi„ Scd / w < s ->t: a vory 

u 2 ,fiOO,OOO. C )i - o P?n { ‘?„ 4 “«/?* >'<>urs). - 

H: JiO'J. I,: 66ii. If: 6^. ’* °* <J00 ‘ Hb: «<#. VC: 0.9tJ. 

3 6 “■’jT7r.vpVi7)f4S'i^T'^ nc S r -tivo. Calccwia® 

llodaniiia iTiTftaT—~ r, ‘ 3/i * £ill)AA »c ))hoGnhatr.c., n ~ y-^- 


' ', . A A A • O/* # 

V o 3 o PM on V;~j;o§u* : Kornal 3>ono do- 

Thoro is a «3.^^° ; ' )OA ^ iclri U S° °* patSmt. 
on tho <iiap'iyr.i» of the croirth^rtila£S?° S ln 15,0 s P on G®y aroa, 
Couino (Table <) 

»• • 

jlayo aft^ndJi^i™]^ improved rapidly. Six 

5f C X?.. t ?.; tt a - ain »* ™ d to nakj -ood i1oi^?f° d, 4 £nd tho hab y had 
of dinc r.argo, 20 days after jidiv;<r„^ oi l.t gains* At tho tii&o 

togothor noVual. (9 u«$). ’. w “’“ n » b * 8 3/iocd calcium was el- 

tho cliiii^fnr* bo v.-f.6 rondmittod to ' 
not voultod. and had gained Might ,l110 at ho:n<> h ® b «d 

Blood choraietry toots produced normal results. ; 

?nd th . favorjlMe 

}*'?. J ,> ii«ni-t. oi idiopathic w4,.U«1«? U ^ OI 5s for «•« «rot 

ftionl?al ;>ot\.*CiOn thcr.o and th£ v " a * 1 ha diagnostic dif- 

".}»» v.-;.s possible on th 0 hasil n- ? bab f ? 8 Xvitb viteain D poiso- 
"ioa finding m 0 tho tir ' Ce thi clL 

i ''.ntteal. Or.o of tho patio-*!*' .J*v ^imlcs, tro practically 


- * .. 


• , / 





«•» &.*KfflSfr StgST* 

Mol/Tin , iho fJ ' v ‘ s ;i3t;0 ;: hi :- h ftvor at iho tine of ndrr.ir.o’jon 0 f 
th Si in tier' i\«S raV ° cy V 1)U ‘ :, ° c / yitasain D intoxication. In 
nKitafioin " alco aa C'-viouc Mate of psycho-.^otor ; 


r ‘ , L:r. w:s 4 ™^ cc ; v * know that doses stion- 

h^rLuvay ol^hi C \Ti ” 

RL^‘ -y di ?o- 

roj wew»i>oiit 4 |.i # with coaao<-uonv increase of t.Yi... r^rirwr,^- • 


ilnonrotJiJ; fri- “8° . V ich l6Vo3s ° r vitwain A and of tho 

t)»o unknovm°ftctorf 0% ° r abooriaal adr ° nal ho ™° Il ° could ho 
th,,t *» in th. foot 


th., ^tr.i t).„ outccno oTT^iS^T1-dyTrl 

ou«.)i njtore-ions way ho facilitated hy other conditions. For 
«7''<\ 1 “ H'. that a deficient and inadequate diet in 

•t hoSlt *b^h?Sf r? kr *?? s , *«*». i o...o».a : ««h.s^“s. "* 

nil ,.i_ f.- \ tuhnlp.r opii-hol.5.w..:, with consequent hynostc— 

muia Midua). In a Inter st:, C e ? there ir. a doflcioncy in 


1 


■ • i « 


« ».« , 





. ...i. 


# • 


ssss «'• sa. 

)iyi<i;rvilui:iinoslG. i„ Idio.v n,w- i ‘-T 0 ‘ t)uit «ccar 3 in 

poo8iMo uat j »«.^iii A«r . 

I-atMc °«o^-SSSo V ‘«^o C ^?Sr-^ b f° V ° that i0io ' 

norn in Italy. Vox tills re-‘-on ,-? { °?. t ' l f' 1i c * n also ho • 

lov« : l« in Wood and uvino o‘ ; ocUntr^oIi^ 0 , to tho c ‘-^i«w 
anyroxm, ynnitin 4 «j, cessation*of'2?J ey,l - oto, * ls «» 
tat ion. This disoar.o should bo cV- V• ‘!? jd ,P»y°Ju»-:aotor a/;i- 
,!, f r 1 inked with ovoivlosos n-r ^ ^o'^shoa f:.;or»i hypcrcalco- 

,l n .- 1S 4 c »f<». tho cli- 

IfclftsntliO \..« 
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ono coso.tl.oro was . porslstm.t lot-^ifio ’1 ovfr!" 

5?UKis&ni£: 

vor.iWo. course o, .ho diecaso was quickly rendered fa- 

«!»wst! aa. vsss--. 

jc ssiss^r.rsa^ 

ih0 clinicfl «y«Pto»« and noraaliwtiii 5f tho DlSod chonfst^. 
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i) 

4 ) 


Allcnlino phosphatase; 2) Fever; 3) Growth; 
Giueeal increase 




4 



Table 2 
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Key: 


1) Alkaline phosphatase; 2) Sodium cthylcno die- .. 
nino tetra.acetate; 3) Fever; 4) Growth. *515 


Table 3 


( 1 ) '■»» f ' '<*' 

# AU . ns*/ rt'f 

oft * \ -iVj 


**' _ K\ _ 






>\|^nimril 
CcUivria ’ ’ 
Prvna 

• ' i ; • .• . . . . 

-i'il'v 1 -»X 

« U u 27 21 

- . . 
rr<i) <K Ait; 

Mjn 

■*•<> Cl lOJ 1 Ot ‘ uj 

9 i SO 70 66 CO 

1 •r(U'l»i»> •' 


ti 0 rA i. jt.i .r j io*/! 

iu.M .' jyi 

/'Ctrf itmtfiU t 


• 

. I> 

- b.J. 



Key: 1) Alkaline phosphatase; 2) Arterial pressure; 
• 3) Hydrocortisone-prednisone; 4) Sodium 
ethylene dlamino tetra acetato; 5) Grovjth. . 
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Metabolic studies in a patient 

with idiopathic hypercalcemia of infancy 


Am atpnptomalie S'/s-month-old femtlc in/anf who mi receiving / flOO mill mf 
supplemental fit*min D per day and nheic serum calcium concentration tres 14J mg. 
per cent was studied. While ingesting a diet containing less than 501.U. of vitamin 
D per day, the serum calcium fell to normal and the litamin D concentration m 
the serum was normal. Subsequent ingestion of 400 I.U. of vitamin D for a 10 day 
period induced hypercalcemia, probable elevation of the serum vitamin D 
concentration and hyperealcuria. Sixteen days after discontinuing the vitamin D 
the serum calcium concentration was normal There appeared la be a direct 
correlation between the amount of vitamin D ingested and the serum calcium and 
vitamin D concentrations. Severe idiopathic hypercalcemia had previoudy been 
noted in a sibling who had an elevated vitamin A concentration. The famdiM 
incidence of Idiopathic hypercalcemia of infancy has rarely been recognised. 

There are no previous reports in which hypercalcemia and rite m plasma vitamin 
D were produced by n physiologic dose of vitamin D during the inactive phase. It k 
suggested that idiopathic hypereateensia i«m/, in some eases, be an inborn error of 
metabolism with defective inactivation of vitamin D. and that asymptomatic siblings 
of known cases of idiopathic hypercalcemia should be investigated for the mild 
form of the disease. 
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T h k unusual aspects of a caw of idiopathic 
hypercalcemia of infancy arc being docu¬ 
mented. First, the patient had asymptomatic 
and transient hypercalcemia although an 
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older sister previously had 10 x 010 idiopalliic 
hypercalcemia. 1 A familial incidence of 
klk>}>athic hypercalcemia has only rarely 
been recognized. Second, this is the first re¬ 
corded case of idiopathic hypercalcemia of 
infancy in which elevation of the serum 
calcium and probable elevation of the serum 
vitamin D level have been produced during' 
the rccovry phase by administering a phy¬ 
siologic dose of 400 units of vitamin D per 
day. 


ONLY COPY AVAILABLE 4 41 







5 3 2 Kenny el aL 


i 


/ 

CASE REPORT 

K. H., bom Oct 26, 10C0, wai admitted to 
the Harriet Ijnc Home on Feb. 14, 1961, at 
V/t month* of age for investigation of asympto¬ 
matic hyjH-rcalcemia. 

The family history was significant because an 
older sister, S. H., aged \\'/ t years, was treated 
for hyperralcemia at 5 years of age.* She con¬ 
tinues to have mental retardation, impaired renal 
function, azotemia, and seizures even though 
the scrum calcium valint have been normal 
since 1956. An older brother, 14 years of age, 
had an unremarkable history. The mother, father, 
brother, and sister are nnmioralcemic at this 
time. 

Inquiry regarding the prenatal history re¬ 
vealed that Mrs. H. took I Nat [let tablet per 
day from the third month of gestation until 
the time of delivery. Each tablet contained 250 
mg. of calcium and 400 units of vitamin D. She 
drank only I glass of homogenized milk (400 
units D per quart) per week, ale I or 2 egg* 
per day (25 to 70 units of vitamin D per egg), 
and ale no fish. 

The infant weighed 4 pounds, 12 ounces when 
bom at 38 weeks' gestation. Except for firm or 
hard bowel movements front the time of luith, 
the history was unremarkalsle, 'and the haby 
was described as being happy. This was in con¬ 
trast to her older sister, who mbs an aUtorinnlly 
irritable child from birth until the hyperralcemia 
was eventually corrected. 

A formula of evaporated milk, diluted with 
an equal volume of water, was given from birth 
until the age of 3 months. This contained 
400 U.S.P. units of vitamin Dj per quart, fly 
the age of 3 mouths the infant was taking almost 
* quart each day. She also received 0.6 c.c. of 
Tri-vi-sol per day, which contained 1,000 units 
of calciferol.* From the age of 3 months until 
the lime of admission at 3'/, months, she re¬ 
ceived whole milk containing less than 50 units of 
vitamin D per quart. 1 

On Jan. 28, 1961, at the age of 3 months, K. 
was seen by us only lieeause the older sister had 
had idiopathic hyprrralrraiia. Although the haby 
was clinically normal, the serum raleium deter¬ 
mined in tIw- hospital laltoratury was 14.5 mg. per 
cent. Throe day* later the serum raleium was 

Ms Jwinf, IVI, tW mmmulmnmrt <Smst4 iW 
arf iliwis I> is Til-tM liias I.AO la Sol p,, (It 

Tfc. lulu lU MS writ* III, H» pMlvt MUl sitamis 
O WM MbuwaroS (kuiHS It* Mmfcrt »lwfc K, dr«iibr4 
law, 
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perfonmd in our laboratory and was ISA mg. 
per cent. All subscrpient calcium determinations 
were performed in our laboratory, unless other¬ 
wise specifil'd. On Fclmtary 8 the value was 
12.6 mg. per cent, and on Fcbiuary 10, 12.7 
mg. per cent. She svas then admitted to the 
hospital for further study. 

At the time of admission the blood pressure 
was 75/50 mm. Ilg and the puls, was 100 per 
minute. The height was 23.5 in. lies, and the 
weight was 10 pounds, I ounce. 7be general ap¬ 
pearance was not •'elfin" and th. physical ex¬ 
amination was perfectly normal. There was no 
cardiac imninur. The hemoglobin was 12.1 Cm 
• per 100 ml. and tlie hematocrit 36 per cent. 

The white blood count was 10,800 per cubic 
. millimeter. The urine was clear, the specific 
‘ gravity was 1.014; the pH, 3.5; afid the tests 
for protein, sugar, and diacctic acid were nega¬ 
tive. The Sulkowitck test was 3-plus. By 
microscopic examination, 3 to 10 white blood 
cells per high-power field were seen. The 
urinary specific gravity was 1.020 after a 9 hour 
thirst. 

The rriMogifts found that the ends of the 
long bones and the base of the skull were sug¬ 
gestively in. erased in density, but this was not 
definite. 

After a 9 hour thirst the verum urea nitrogen 
was 35 mg. per cent; catlxm dioxide -combin'rtg 
pow er, 14.9 mM per liter; sodium, 147 mi ay. 
per liter; chloride, 101 mFq. jicr liter; potassium, 

5.1 mEq. per liter; and the cholesterol, 270 t.ig. 
per cent. One week later without a preceding 
thirst, a serum urea nitrogen was 24 mg. per 
cent and a < X),-combining power was 21.6 tnM 
per liter. 

METHODS 

Vitamin D activity in the senun was as¬ 
sayed by one of ns (M. P.) who utilized the 
method of Hills. 1 The levels of scrum calcium 
were determined by the method of Ifarrison 
and Harrison,* scrutn phosphorus lay Fiske 
and Stthharow's method,‘ and sen..n citrate 
by the method of Natrlson, Pincus, and 
Lugovoy,* Dr. Mackenzie Walscr measured 
tlie scrum magnesium’ and Dr. ID told 
N’itowsky dclrrminrd tlie serum vitamin E 
levels by the method of Qtiaife, Scrims uaw, 
and I-owry.* 

Urinary raleium was determined by the 
iiu'ihntl of Clark nnd Collip* Stool calcium 
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wat determined after dry- a tiling by the tame 
method. 

Duiing tlie pciiod when the calcium 
halanre data were accumulated, Alacta of 
the Mine stock number, which contained 
lets than 40 units of vitamin D per 100 Cm. 
of dry- powder, wat uted at the only source 
of food. Anal) tit of this revealed a calcium 
content of 1,110 mg. per 100 Cm. of dry 
powder. Between February 14 and March 11, 
105 Cm. per day wat given and between 
March 12 and April 3, 125 Cm. per day. 
Tlie intake wat accurately determined by 
weighing each formula bottle before and after 
the feeding. Complete 24 hour urine and 72 
hour stool specimens tlie latter marked by 
carmine red, were collected while the pa¬ 
tient waa on a metabolic bed designed spe¬ 
cifically for infanta. 

RESULTS OF EXPERIMENTAL 

STUDIES 

See Fig. 1 on which are charted scrum 
vitamin D level*, scrum, urine, and stool 
calcium concentrations and calcium balance 
on the icgimcns described below. 

Hypercalcemia, plus recovery phases. 
Since the normal mean scrum calcium value 
in our laboratory h 10.1 mg. per cent with a 
stands id deviatkn of i 0.7 mg. per cent, 

5 elevated value , v scrum calcium were 
recorded before t. value of 10.4 mg. per . 
cent* was obtained 21 days after discon¬ 
tinuing the vitamin D supplement and vita¬ 
min D-cnricbed milk. At this time the scrum * 
magnesium was 3.3 mg. per cent, which is 
within normal adult limits. Subsequent cal¬ 
cium deieiTninations varied between 11.0 and 
11.9 mg. per cent until 400 international 
units (I.U.) of vitamin D were added to the 
diet Tlie scrum vitamin D level on February 
16 was 2 l.U. per milliliter of scrum, and 
lets than 1 unit on February 21. Three de¬ 
terminations of serum citrate were also nor¬ 
mal; these were 2.3, 1.7, and 2.8 mg. per 
cent between February 2 and February 24. 

A fourth value for scrum citrate obtained on 

*TUi nlM n J« Dr. Msckeatb WsW. 

mmiuijl At lU U9N IMM M ikt M ll fgi it m irlfOMM* 
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<cnnn drawn February 17 was elevated to 
4.0 mg. per cent. On February 26 and 
February 28 die serum vitamin E levels 
were normal (031 mg. per cent and 0.44 
ro S- pcf cent), A vitamin E absorption teat 
was*also normal. The vitamin E concentra¬ 
tion was 2.66 mg. per cent 9 hour* after 
* of 20 ing. per kilogram of tocopherol 
and the vitamin E absorption index waa 
13.0 units. 

Study with vitamin D. 40C units of vita¬ 
min D per day were given from March 3 
through tfarrh 12. Prior to starting vitamin 
H, the scrum calcium was 11.0 mg. per ^ 1 
the third day of vitamin D administra¬ 
tion, it was 11.1 mg. per cent, and oo the 
seventh day, J13 mg. per cent. Seventy-two 
hours site/ the last dose, the calcium was 
12.9 mg. per cent, and 90 hours after that 
dose. 12.4 mg. per cent One week after dis¬ 
continuing vitamin D, the scrum 
was 12.4 mg. per cent. All three of them 
values are more than 3 standard deviations 
above the normal mean of serum calcium 
as determined in our laboratory. Sixteen days 
later the value had decreased to normal 
levels. 

Serum vitamin D levels, increased con¬ 
comitantly with the serum calcium. The 
concentration of vitamin P was 3 units per 
milliliter on the day pr’or to vitamin D ad¬ 
ministration; on the third day, die level waa 
4 units or moic; on the thirteenth day, 90 
hours after the last dose of vitamin D, the 
Jcvd wat probably 8 uniu or more. Unfortu¬ 
nately only 2 rats were uted for this assay 
which precludes a dogmatic statement re¬ 
garding the concentration. It should be noted 
that tlie initial scrum vitamin D level was 
normal, at a time when the patient’s serum 
calcium was decreasing to normal levels. Had 
this test been performed earlier in the course 
of the disease, it it possible that an elevated 
level would have been found. 

Hypercalcuria was observed during and 
just after the 10 day course of vitamin D. 

The average ui inary calcium excretion was 
47 mg. per day during tlie prcconlrol period. 

During vitamin D administration, the averrg^ 
urinary value was 87 mg. per day. In the 
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period from 24 to 18 hours after the last day 
of vitamin D administration, a peak excretion 
of 118 mg. of cal< ium was obtained. 

There was no < Icvalion of scrum citrate 
9C hours after (list ■ -ntinuing the vitamin D. 

Study with sodium sulfate without added 
vitamin D. On Mai eh 22, 10 per cent sodium 
sulfate was begun in a dosage of 25 c.c. per 
liter of foimula. This was given for 6% days. 
Tlte average intake of sulfate on this regimen 
was 7 mEq. per kilogram per day. Prior to 
starting the sulfate, the scrum calcium was 
12.4 nig. j*r cent; <>n the third day of sulfate 
administration the value was 12.0 mg. per 
cent, and on the day when sulfate was dis¬ 
continued, 11.3 mg. per cent. This was 16 
days after the last dose of vitamin D and 
may merely represent a slow fall in scrum 
calcium, such as that observed the first time 
vitamin D was discontinued. 

Low vitamin D diet A low vitamin D 
diet, without fish or eggs and with nonir- 
radiated milk, was ilicn begun and has been 
continued to the pirsent. Subsequent scrum 
calcium determinations were 11.4 mg. per 


cent on April 4, 11.3 mg. per cent on April 
20, 10.5 mg. per cent on May 11, and 10.4 
mg. on Jury: 5. 

At the age of I year the height and weight 
were 28.5 incites and 15.8 pounds. The semm 
calcium was 11 mg. per cent. Six months 
later the height was 30 inches and the weight 
20.3 ]ioundt, and the mental dcvclojxm-nt 
was normal. The scrum calcium was 10.7 
tng. per cent. 

Dalance data. Ar attempt was made to 
obtain calcium ba • data. Reliance can¬ 
not be placed on foc^ise quantitative inter¬ 
pretation of balance data because of errors 
inherent in the technique.'* However, live 
relative changes in calcium balance reflect 
changes in regimen. 

Dining tlse first time that the semm 
calcium was falling to normal levels, urine 
and fecal calcium wilt measured. During 3 
successive 72 hour jxliods, 42.5, 59, and 58 
per rent of lire calcium ingested were re¬ 
tained. The average retention was 476 mg. 
|>er day. During tlse ten day |MTiod when 
400 units per day of vitamin B wen 
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administered the calcium retention was 32, 
38, and 30 jx*r rent for 3 successive 72 hour 
licriods, or an average retention per day of 
331 mg. Forty milligrams of this reduced 
retention of calcium were attributable to an 
increased urinary loss. After vitamin D ad- 
ministration and before starting sodium sul¬ 
fate, 19.6 ]x*t cent of ingested calcium was 
retained for the one 72 hour period mea¬ 
sured. The mean retention was 172 nig. of 
calcium per day. 

No definite effect of sodium sulfate ad¬ 
ministration was demonstrated. During the 
period of 6*3 days when the patient re¬ 
ceived sodium sulfate, the effect of vitamin 
1 ) was waning. In the initial three day period 
on sulfate, the per cent of calcium retained 
was 29.5 per cent and the actual value was 
295 mg. per day. Although this represents 
an increased calcium retention when com¬ 
pared to tlte control period immediately 're¬ 
ceding, the period is too short for one \o 
state unequivocally that calcium retention 
was augmented by sodium sulfate. Sulfate 
was given for tl»c first 3*J of the next 6 
days, and during this six day period the per¬ 
centage retained was 16 per rent; the actual 
amount was 130 mg. per day. During the 
subsequent three day control there was es¬ 
sentially no change as 17.5 per cent or 156 
mg. of calcium were retained per day. 

DISCUSSION 

One of the unusual as]>ects of this case 
is the familial incidence. This occurrence 
may indicate that some eases of idiopathic 
hypercalcemia result from an inborn error 
of metabolism. 

In the literature there arc only a few 
reports of idiopathic hy]icrcalcemia occurring 
in more than one member of a family. Illig 
apd Pradcr’* rejiorted idiopathic hyper¬ 
calcemia in binovular twins whose sister had 
an elevated serum caleium. Forfar 1 * has seen 
2 and probably 3 sets of afTectcd siblings 
among 11 families in which he has observed 
idiopathic hypercalcemia. Since K. H. had 
such a mild form of idiopathic hyixrcalrcmia 
that it could hare been overlooked, we 
would suggest that this entity may occur 
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more frequently in siblings than has been 
documented. 

Although abnormal metabolism of vitamin 
D has been susjicctcd as causing this discare, 
Fellers and Schwartz 1 * and Smith, Blizzard, 
and Harrison 1 who reported S. 11., K. H.’s 
older sister, are the only authors who have 
recorded elevated scrum levels of vitamin D 
during tlie active phase. Warkany and 
Mahon” noted tlie normal value for children 
. to be 0.66 to 1.65 I.U. of vitamin D per 
milliliter of plasma. Fellers and Schwartz’* 
found levels between 1.72 and 1.95 I.U. per 
liter of scrum when study ing normal infants. 

In the present ease, the rise in the scrum 
calcium to 12.9 mg. per cent and the prob¬ 
able rise in serum level of vitamin D to 8 
units or more per milliliter, shortly after 
giving a lest supplement of 400 units per day 
for 10 days, suggests that this disease some¬ 
times is caused by defective inactivation or 
removal of vitamin D. 

Short-term calcium balance studies on 
small infants are subject to error and tlie 
results arc not precisely quantitative. Fomon 14 
stresses tlie usefulness of balance technique 
in obtaining relative results, i.e., as a com¬ 
parison of two regimens of management in a 
single subject. He cautions, “The successful 
use of metabolic balance studies [in obtaining 
comparative . data] has suggested to some 
individuals that results are precisely quanti¬ 
tative. . .. Were lliis true , . . the change in 
nitrogen or calcium content of the body could 
be calculated.” He discusses the reasons why 
• “such calculations fail to provide valid esti¬ 
mates.” With this caution in mind, and 
realizing that any losses in collection of ex¬ 
creta will falsely elevate apparent retention, 
the following observations are made. K. H. 
retained much calcium early during tlie 
recovery phase. Similar retentions arc re¬ 
corded during tlie active phase of idiopathic 
hypercalcemia by several authors who 
studied babies of comparable size. Morgan 
and his ro-autliors* reported 517 mg. per 
day ‘retention in t 55 kilogram baby; 
Stapleton, McDonald, and '.ightwood 14 
found 500 mg. per day retained by an 8 - 
monlh-old infant; Forfar and his assoc later 1 * 
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recorded retentions of 445, 470, and 429 mg. 
per d.iy in 3 infants with the active phase 
of idiojKtthk hypercalcemia. 

The slight fall in calcium retention when 
400 units of vitamin D was given daily was 
unexpected. This response was in contrast 
to those observed !>y Forfar" who gave 
100,000 units of vitamin D per day to 3 
patients. When administered to a patient 
during the active phase, this dosage in- 
creased the retention from 48 to 73 per cent; 
when given to a patient in the early recovery 
phase, the calcium retention rose frdin 16 
to 40 per cent; and when given to a patient 
in the inactive phase, the retention increased 
from 16 to 42 per cent. A possible cxplana- 
tion for the unexpected results in pur patient 
may. be that the intestine was maximally ab¬ 
sorbing calcium prior to the administration 
of the vitamin D, but the test dose still may 
have acted ujxm the bone with mobilisation ’ 
of calcium. The resulting increav-d urinary 
cxciction of calcium then could partially ac¬ 
count for the decreased positive calcium 
balance. lliis liypcrcatcuria (118 mg. per 
day) which occurred with the test dose of' 
vitamin D was not unexpected since hy-jxr- 
calcuria has been reported consistently during 
the acute jrliase of the disease. 1 ' " The 
hypcrcalcuria prolsably resulted from the in- 
cieased concentration of - calcium in die 
blood and glomerular filtrate because of me 
action of vitamin D on bone. However, a 
direct cfTcet of vitamin D on the renal 
tubules cannot be excluded. It is of interest 
that Forfar" did not consistently produce 
by jiercalcuria when he administered vitamin 
1 ) during the recovery phase. 

Hie balance study with sodium sulfate 
was undertaken since oral administration of 
this salt was found by Kowarsky" to lower 
the scrum calcium ir. an infant with idio- 
|sathic hypercalcemia. In his patient die 
serum calcium relumed to normal levels 
within a 7 day period after administration 
was. la-gun. No ha Inure data was obtained 
during Ids study. In the jnvsent study, oral 
administration of sodium sulfate pi<winced 
no significant change in llie urinary excretion 
of raleioui or in tlm calcium Iks Inner. 


During the entire period while balance I 
data was collected, tlicre was a steady de¬ 
crease in calcium retention. Thi, steady de¬ 
crease appears to have Iwcn relatively un¬ 
affected by the lest dose of vitamin D or by 
sulfate administration, except for the increase 
in urine output of calcium during and im¬ 
mediately after the vitamin D test period. j 
Hus increase associated widt die rise m . I 
scrum calcium is indicative of a response to 
vitamin D with respect to mobilization of 
calcium from bone, even tbough intestinal 
absorption of calcium remained unaltered. 

During the inactive phase of the disease, 
the retention of 130 to 150 mg. per day of 
K. H. is comparable with retention of cal¬ 
cium by normal infants, discussed by Jeans 
and co-workers," Daniels and Steams," 
Swanson," and Harrison.* 1 
• * t |*°padiic hypercalcemia occurs in bod 
a mild and a severe form. Forfar, Tompsctt, 
and Forshall” base suggested that the 
severe type of the disease ensues when the 
diagnosis and treatment of the mild form 
arc delayed. In supjiort of this contention I 

Dacschner and D.icschncr 1 ’ noted that the ( 

interval between the onset and the diagnosis 
in the severe form averaged 13 months while 
the interval was 6 months in 52 mild cases.' 

After evaluating the renal histology from 
routine autopsies of children. Shanks and 
MacDonald 14 suggested that idiojiatliic hyper¬ 
calcemia of the mild form occurs much more 
frequently than it is diagnosed. It is im- 
jxwsiblc to know whether K. II. would''have 
developed severe hypercalcemia if she had 
continued to receive normal or excessive 
amounts of vitamin D, or whether the hyper¬ 
calcemia would have been transient Yet ' 
the occurrence of both a mild and a severe 
form of llie disease in the same family sup- 
ports the thesis that both forms arc mani¬ 
festations of llie same disease, but differ only 
in their severity. 

SUMMARY 

A J'^-inonth-ol<| infant, tlie sister of • 
jMtient iNcviouvIy recorded with severe idio¬ 
pathic hyjM-rralerinia, who pn-sentrd with, 
asymptomatic ami tiansw nt hyia-re ilrrniia in 
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infancy has been tlcwribed. Physical exam¬ 
ination revealed a nonttal baby v ilhout 
"elfin” sijtjx*arance. 'Jlic scrum calcimu and 
tura nitrogen were elevated, but tlie 'orunt 
phosphorus, alkaline phosphatase, and serum 
citrate were normal. Tlie scruin vitamin D 
concentration was 3 l.U. or less during the 
recovery phase, but became elevated to 8 
units or more when 400 units of vitamin D 
per day was given for 10 days. At this time 
hypercalcemia and hypei calcuria occurred, 
although tltcre was no increase in calcium 
retention during tlie period of vitamin D 
administration. At a time when the scruin 
calcium was still elevated, administration of 
sodium sulfate had no ap|trccr.tb!c cITcct on 
the scrum calcium or tlie calcium Italance. 

It is suggested that “idiopathic hyper¬ 
calcemia” may, in some cases, be an inborn 
crror'of metabolism with defective inactiva¬ 
tion of vitamin D, and also that the disease 
may l>e found more commonly among 
asynt]itontaiic siblings of known cases than 
has previously betr. reported. 


We express our gratitude to Dr. John Peck, 
who permitted us to study litis child; to Manuel 
DcCimnan for technical assistance; and to Mrs. 
Mary Westcrvdt for secretarial assistance. 
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The vitm;i>n D activity of plnoinn of children 
with idiopathic hypcrcalcacmia 

Hr W. K. J. Cirri IBKUTSON 

Glaxo Unearth Ltd, Greenford, Middlesex 
(, Received 23 April 1963 —Revised 21 June 1963) 

Similarities between idiopathic hyperenleacmia of infants and vitamin D intoxica¬ 
tion have led to the suspicion that the former may be caused by giving needlessly large 
doses of vitamin D to children who arc more than usually sensitive to its effects dr who 
absorb it wi?h unusual efficiency. This view lias been strengthened by ihe rarity of 
idiopathic hy jH.realencmn m the- USA and in Sweden, countries in which the 
vitamin I) intake of children used to be much less than in the UK (Morgan, Mitchell, 
Stowers & 'ritomson, 1956). * 

In the USA Smith, blizzard & Harrison (1959) reported a serum vitamin D activity 
of 23 i.u./ml in one patient, and Fellers & Schwartz (* ' 58 a, b) noted high activity, 
liclwccn 20 and 60 t.u./inl, in three patients. These fmdi.gs support the view that idio¬ 
pathic hyperenleacmia may be ca u sed b y overdosage wit h vitamin 1). On lltc other 
hand, 'Ppmun, M “ r |; at -. Connor, Haddock, Hi lls & 1 Toward (1939) rep otted esse ntial ly ^ 
normal vitamin 1) activities (1-3 i.u./ml) in samples of scrums sent to lire USA from 
patients in the UK. The work to Ik reported hcie was carried out further to investigate 
the condition in the UK. 

E> PF.R1MENTAL' 

Srwf/i/ri.rSamplcs of heparinized plar.ma, 5 10 ml, from patients suffering from 
idiopathic hypcrcalcacmi.i were tested, together with similar samples obtained at 
approximately the same time from control patients of about the same age and sex but. 
not suffering from any abnormality of calcium or vitamih I) metabolism^ All diagnoses 
were made by tire physicians and pathologists named in the acknowledgements, to 
whom 1 am deeply grateful for providing the plasma samples. 

In one instance, scrum samples from the hyjrcrcnlca'cmic patient and from the 
control were provided but this mistake is not thought to liar ? affected the results, 
because in other c\j*criment* no significant differences could l>c detected between the 
vitamin 1) activity of scrum and plasma from the same specimen of blood. All samples 
were frozen quickly (to prevent protein separation) and stored in the deep freeze until 
assayed. Tests not reported here have shown that storage in a deep freeze for a period of 
several months, with inching and immediate refreezing at monthly intervals, or storage 
for up to 14 clays in the refrigerator (4") docs not lead to loss of vitamin D activity, 
[liven front a child wh o died in idiojut’.>€ hypcrcnlricmia and from a control child 
dying from another condition were stored in the deep freeze until recjuired^'Ilic livers 
were saponified by the method of II. Kodievk (personal communication). To each 50 g 
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of liver were added 30 ml nl*s«> 1 iiic alcohol and 4 ml m inu ted mjucouv KOI I. The 
mixture was then heated for 30111111 on a Meam-balh and (lien allowed to cool, 'llic 
diKift w» e\traded four time* with equal volumes of pcio::Ulc-frcc diethyl ether. 'll»c 
extracts were washed with water to eliminate ullam, dried over uiihydiotik sodium 
sulphate, evaporated and taken up in aracltis oil. 'Hie extracts were diluted further 
with antritis oil and assayed l\v the loutinc line-test pmccthiic as weed for oily vitamin 
D preparations in these lal tor at ones (International l T nion of l'ure and Applied 
Chemistry, 1959) on forty-eight rats in each :usay.f*The vitamin D activity of the 
plasma samples was also determined by the line-test rat s.ssay method. I .liters of four 
nr eight rats were placed on the rachilogcnic diet at 21 day* of age. After 14 days they 
were divided into groups, each of at least six rats, matched for litter origin tut other¬ 
wise randomly selected. I he animals in two gtotip* weie each given, daily, eh her ©• 1 or 
©*- a standard arnehis oil solution containing 2 I.ti.'vitamin D/111I, those in the 
other gronjn being all given, daily, o-j ml of anichi. oil with cither 0 05 or 0-1 ini of the 
plasma snmjve. All doses were given orally l»v syringe for a ro-day pe:iod, at the end 
of which the animals were tilled, the tibias were dissected, and tie degree of rickets 
was assessed by the line-test procedure. The vitamin L) activity of the test sample was 
then calculated in. terms of the standard^ 

Table 3. Yitnmin D ronlrnt of lifer from a rliihl with tniU iJiojmlhic hypereahannia and 
from a child not suffering from any hitmen derangement o < uhimn or vitamin J) // telabolism 


Wi i-hf of liver («) ... ,73 

Total ril.unin I) activity and fiducial r.mjr 120 ) 

(P - O 95) (i.11./liver) 


lly|Kicalc*cmic child* 


Control 

136 

435 C 41 -tjoo%) 


Vitamin I) intake (i.u./day) 3000 until 1 i.iontll Ik foie death 3000 

• Kim cj«c dvKtihcJ bv KIuiH) & Mildtell (1936). 

Table 4. Plasma vitamin D activity of chihhtn xcilh different vitamin D 
(ergoealcif ml) intakes 

CliSM and sc* ... K.ll .,7 1 MI., J M.P., f 


Child and m 


Arc 

Gmditinn 

PrC«v nlrif. ml dmr fl.ll./ .iv) 
I'rrind of dmins Iwf-.r.- ti /t 
I’llmiu vitamin I) (i.u./ntl) 


K.ll .,9 

IJ immllit 
Aiiiinoxidiiria 


1000 

8 tnontlia 
3 


C)~tim»it 

3 UOOO 

6 years 
£ IO 


M.r„ v 

9 yrara 
Vitiunin 13 
intoxication 
150000 
m moot ha 
> SO* 
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Tlie results obtained on examination of samples from six patients with the mild and 
five with thr revere form of idiopathic hypv rc.ilcacmia are summarized in Tables 1 and 
2 respectively, together with other relevant fads and the vitamin I) activity of the 
samples from the control patients. 
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. ?«* S, ° rCS mC 
activity of about 3 i.„./ml, dor-cs of 20000 i u ‘\i^‘ 1,U " U: " n * p,i,:i,na viu " nin *> 
plasma vitamin I) activity, and Rdministintior of Z^iZly "*"** ** in U,c 
increase in plasma vitamin D activity l« am ,... .^ 5 U " ,SC8 a **«II further 

found Imth in the idiopathic hypc Jciendc ,^. U ! C / ,,as,na v ‘ 4iUn >" D activities 

«*« " ould I* expected from the vh n, D m l V"? r*"* 1 ° f « 

the available information on the foods and v^o ? ,,drC, ‘ “* « ,cu >-tcd from 

affected patient* (It. C. Mitchell * , * il ui% ( U J 5 V) for two mildlv 

from those of IVI.cn; & f 0 CT b "< *** «**e% 

grotips of writer* reported high ccrmn viLj.iin'jJ 0 ' i'* • ** Tl,c ll,8t tuo 

patients (all of the severe type). My own obl-nJ ?'** “ h >l*"*lcacmic 

that an abnormality of vitamin Dm ml 7" 1,01 their hypothesis 

viumm n «** £ 

he *0. A more likely explanation i* 1 ' JSc * t ‘ OU4i ' u sometimes 

• t-ic effects of \ S* *«** *° «* 

'itamtn IX However tins may | N > the u-suh« l t | U,n . mcl ; holism not caused by 
disease could not he atli ibuted citlier to an unusiHIv 1 %*» * ' I* of l’ ::tici “* the 
UnusuaDy high plasma vitamin”) IVivuy" U ' m *" ir ^ vi, »"”' 4 » or to an" 

SUMMAMY 

*• 1 he vitamin 1) content of the liver of a p itient dvin ‘ ,r ,l,ic * c * and age. 
cacmia was found to be lower than lint ..fit, r V W,U ‘ *hie hj^rcal- 

Dr M. C. ^ ‘ W “ < " r D - Hubblo. 

:rsTw D ' f 

assistance. AU U W * ,1 > ,m a "d Mrs P. Ourlc* for tcxl.nical 


E541 


i»* ■» '/»*►. 


■f* '-T***'- I I Ti»l ' —y* '. lyV 

I 1 ■*. • 


•• —■v’fr*- 


r 


t 









•\ 

ilsi- 


632 


^ J* ^UTHiiKirrsoN 

REi'Kit i;nci:« 


r^ii£Ssri , i^ ?ZZl „ 

» *»«.. K X. * Rcl,, tej J /Af. LM?tf 

ZZ!*"*' * ' ,,ion "‘Wo aS ;V ,r ™* 5 '- a 59 . .•£ 

SSWS S £*2 !J 5 1 ~ *. 

’$?»: p ; "• £ &?•;■,- «. 



MMcJim c, cut Ufitmm 


Aim' 

Sc. 

oa 

Am 

Avu 

H'tc 

JlAlC, 

Uax* 

D„ 
<fte. 
Biait 
) lu» 
it: 
Hum 
tie*. 
See, ■ 
■lUM I 
■fid 
Pi« 


BicAi 

con 

rinuu 

IfMft 

UWLJiA 

tfii- 

f»H-r 

f/NL. 

Hwxi 

v.\ 

in ci 
Bi»u 

»**«/i 

Bima- 

viu*,. 

MOi 

UlMV 
Btr.ni 
of h . 

COCOT 

v*Uh 

t * < 

Caiu. 
M. V.; 
"ith I 
r-’otc i 
cj*.n:. I 
Cahak, 

■ox. | 

ti«*n c 

C«vm; 
Camiu- 
fact. . 
l«) o 
£rrut. 
Cttfu* 


■'T' 

* 


' r ^ -»*»-* 


v * i -•• *v 


’ONLY eOPY:'A 4 i \ —i 


% 

•• t 







S f - 5 * -3 


S'? 2 = . 2.5 •? 3 8 til 2-2 

Ijlijiiilil Hit 
iM'lflll illl 


aiai 


ISIJWl 1?!iilllli t|!!i i 3 

ifiJlil!Hiiiijisi! iliif I 

lb liiiiiW Wfi nn! 3 

Mali I I 


QNt.rmTAVAII ABiF 


2 


h. , 



I 










mm iiiiiiiip! 

«h!{ii liiiif Ii i 

S*l£*$S.f'3£ 


S iijlptif-lli 

• iimn 








<tM«3tnim;<ii !:i« 


1 §‘ilffiflP ®1 

j i4lM 

L IS** 


\miiiVi\mrfsmmn 


s Islsilj : 5 


Yh t \vu 11^ 

111 isiiiHiiftiit 









III 


J «3 



•spf ] 

1 

>*;_ • * 


Ini 


■an 

8SSSSS 




niniii 

ssssss 

■■»■■■■ 

!»■■■£ 





lliil 




11 

*i'j j 









ji ? % 


3 *«S*£. 


mmm 


Mlf&tliljji 


!i|f Ufljill} 

: Ipilji liM n« 

I If feiriMito 


g£fl£i?f 


I 3 -?I 3*1 


I.II'H 


!lfl« 111 


llithnki 


HilliHIll 

















*548 





mnmm mmmmmnnn 


Is : 










ONLY: 


l | 

I 3 

a. ;S 

5 3 

I 

i m 

o . ifi • 


(jAHAbLL 

f I 






BURNETT'S SYNDROME 







i S 6 ‘S 4 ■£? 
■3 ! Jf gif 

I cS 


pm 


§ * 3 2 g rf * 4 

3o2^>o|^ 

•, V Q, C _y fl _ 



z ' ? a 

«“» « i,"3 
E *$« 

i? s 4 l 
2 >» 8 * 
2 -1*5 a 
s i frl 


i ”3 V* »« 

Cc ^ * 
S ~ 3 3 

a Si* 
J-ll 

*2 -3 I ** 


* ; 5*3 . w .2 3 •= 
- 5 E 2 *^rfE-ao 

* 7 § 8* g J 4 'S 

X *; JS j- o M J *; . 

a *3 2 e« &.q H H S 


| 4 *J 

‘? 5 | i 

II “I 

*?|J 

»s p _ 

lift 


"5 <S"Ssi!» a PRP"0 

» “Jf “4 g-S^ll^-a ~ 

k£ £s 


S = •= M J H. q 3 “•a* 3 

5 * -3 a .9 c C .| ST 3 .. 2 

*0 .•s-S a §S^2 c9&>C‘C 

o ~ e '3 j g— 2 s § - a o 2~ 

u *2o s > ° °S «I-8Z S S' 

SHU 


9 -I I * g 3 9 

£ S J .a ° o "a 


mm°m 


■g i .» * 

J ipg 

— s2 c C* 8 s 

2 .s 3 j *• *o 
’aii OJj 
*2 5 p 5 aJi 

§l 5 § 6 •§ $ 

Ijd-M a ® . 
iJ'sg * 4 ° 

ijn ?*J 

! “i f ’ if | 

l-«S a J. 5 ! 
I °o.s 

ill 5 «ii 

iSjf J|i 

*8 s-rf« 8*8 J 
* •? 2 8 la .? 


,^S§°X?, 6 S*Sa 

JillifJi .;*|« hi 

m^iifj^Irlrffi 


.T 

y «/> 

f D 

rtf 

o 

Z 2C 
= a. 
to 

z o 
o ; « 

H* Q« —> 
u> r-J 
-J A U 

S j X 

to < v 

Ul < ^ 

X 5 </> 

*- 2 x 
u. y o 
o < « 

to u |r 

w -r ^ 

W 2 ^ 
< 

tu co 
to UJ 

5 o 

sf 

I 5 


III 

8 S*s 

l J* 
J:*.Q 

•« s 


x p « 

.s M 
*082 
S * 7 

ill 

ill 

Si; 

sj I 

JM 


IIP it-n 

•iVPPff 

HP-SfisI 

811 pi, 

gfSgOn^l^ 

* - 2 ^ .3 * -3 -3 d 

•3 C S ? g,« jg 2 -a 
h >2 ~ s JT ^ ■5 -i 

o 0 * 2 ^ 9 S - >s.J? 

'"B 5 o'J 3:1 5 ^ -g 

0 « S .2 ) j £ E 

.*?•!• Hi 


O 

*C 

a .5 S ^ 

^iil 


1 i&f5ji*n 

I j^lljil! 

mmn 


E551 


3^ * S 

■Sit 

i:] 

fi<i§ 

3 IM 


ilim 

I § *5 J* T 


Poll 
|1|111 

nisii 


«• - xflSs’E 2 

5 «n^C»oC 45 gv 

S — s u „a«a 2 • 

h° 3 sS 5 l|s 

•o S o a .2 .“ 5 g 
... £ 3 c n Sb-S.ji >s 


a :fi ^ -2 
ili-a* 3 I 

!|1| 
igj | f ^ 2 

i^iji 

13,-S o, 73 c 


ar?£J&-«SLill 

|J Ij-sl g |l»l 3 I E 

C. jrt'P'J G s 

J 0 ^'*5 S.-3'~ >|o ta j. ^ *0 

o sll?^ 8/« : jb.S 2Lg a 




502 


^ 2 *§ .s a 11 *&*g ° 

8 3 1 -3 ? c ^ | o | 

I'Zsg-dh 

L 8 ^ P 'S « « E 

F 04 # a .5 JS n 7 , 


I jiff 

ill 


1 §? 
CO " -c 

Q 8 




•5, a •£ “ JS 


12'iiiii 


- *^ 5 i 6 f r s-s 3 ' 8 | S i 3 8. 

L.1 llfjlf iil-lWj I lililP ji 
Wly ^ ■ 









l v,y 


\\ < b 


DU-if 


\ s *1^ 

E552 


Fr. nk E. Taylor, M.D. 
Charlottesville, Virginia 


gsk'2ul use:C i.:j 




•A Cass Fees orZ 


••iWrcUummoMM D results Jrom a greedy executive 
itilul.o oj vitamin D over a prolonged period oj 
1 ::nn. s he. patient triune cute is reported received 
200,000 units v J rihunin D daily for 12 years. 


w 

Cr.sc !t;^crl 

R.G., a' 41-year-old judge, wjit 
admitted to the Martha Jefferson Hospital on 
December 28. 1962 with the complaint of 
chest pain of sewn days duration. He described 
\the pa:a as a severe sharp discomfort around 
the posterolateral chest with aggravation, by 
deep breathing. The pain had come on sud¬ 
denly or.a night xind had remained severe for 
four days. It had been less severe for 48 hours 
prior to admission, hut approximately 2-» hours 
before coming to the hospital he had some 
hemoptysis. He had r.o fever. 

Just 22 days before the present admission, 
the patient had been hospitalized and treated 
for a calculi ol the urinary bladder, benign 
prosit.a hypertrophy, ar.J contracture of the 
vesicle nee.;. He had a cystoiiihoJapaxy and a 
transurethral resection of the prostate gland 

U: ‘ *'*'■* »•» ***• «« H* Mrolcl Sifytcfl ol fn. 
M«flK. J.U,M CS.Ar: 0 n«i»;!l». Virgin;*. 

faiVt. fcmls. 

(vol. s-s, no. it) NovaMaca :♦« 


and was discharged four days before the pres¬ 
ent admission. During this hospitalization his 
urine was cloudy yellow with a specific gravity 
of 1.011 and a pH reaction of 5. There was 
a trace of albumin; negative sugar; and on 
microscopic 8-10 V/UC/hpf and 12-15 RBC/ 
hjlf. The blood urea was 46 mg.%. The scrum 
calcium was 11 mg.% or 5.5 mEq/liter and 
the serum phosphorus was 3.2 mg.% or 1.9 
mEij/iittr. 

The pas: history'was significant for diph¬ 
theria as a child. In 1945 he beg..n to have 
back pain and was diagnosed as having Marie- 
Strum .eil artnr;tis. , ..e arthritis became worse 
in 19-.7 a.-.J he received radian.*.:; therapy to 
the back at Walter Rccc lic-pluj. J n 1950 
he was placed on vitamin D, SGjoOO units four 
times a day, and had taken tills medication 
regularly for the p;12 years. He also had 
been taking one grain of thyroid extract a day 
and had been placed in a .hree-point brace 
for his back. In 1957 he had hud a lltrombo- 
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phkrb;:I* of the deep veins of the left leg and 
v.-as hospitalized a: the Martha Jefferson Has- 
p:tal for two weeks of treatment Since the 
time of this phlebitis he had had a post-phlc- 
bitic leg with enlargement and some edema. 
The ur;;:.:lysis revealed a specific gravity of 
1.020; albumin negative; sugar 1 +; acetone 
negative; and microscopic revealed a few epi¬ 
thelial cells and IC iS WLC/hpf. There were 
some ctilcium oxylate crystals in the urine. 
Thc urine Sulkowjtch test was slightly in¬ 
creased. The serum calcium, scrum phosphor¬ 
ous/ and alkaline phosphatase were normal. 
The ?S? test yielded the following results.- 30 
minute urinary output, 78 cc. and 35% excre¬ 
tion; one hour, 66 cc. and 35% excretion; 
two hour, 78 cc. with 10% excretion; and a 
total output of 222 cc. and 70% excretion. 

In N5S he developed bladder calculi re¬ 
quiring cystoscopy and stone crushing at the 
University of Virginia Hospital. A review of 
ais records at this time revealed that calcium 
metabolic studies were not done. The urinaly¬ 
sis^ however, revealed a specific gravity of 
1014; albumin trace; sugar negative; and a 
microscopic with 20-25 \V3C/hpf, innumcr- 
ab,e R*;C/hjrf t and* no casts. 

The family history revealed that his mother 
had had diabetes. 

The systems review revealed a nocturia of 
I'vo times, some frequency, polyuria, dysuria, 
and polydipsia. There was no anorexia. He did 
fatigue easily. 

On physical examination, he was alert with 
a stooped poker back and his head deviated 
to the right. He was not in acute pain at the 
time o. c.\...,:Jnation. a-.ood pressure was 160/ 

90; puivc 84; temperature 97.8*. Exantinations 
of the eyes, ears, nose, throat, lymph glands, 
and heart were normal. The chest revealed 
hyperrcsoitar.ee with dullness and rales at the 
right base. The abdomen was Encroached on 


by Sexton of the back so that the iliac spines 
reached towards the lower rib cage. There 
were no masses felt in the abdomen. The 
femoral, dorsalis pedis, end posterior tibial 
pulses were normal. The left leg was larger 
biatt the right Jcg with superficial varicosities, 
yncrc was no calf tenderness and the Homan’s 
*ign was negative. There were no rectal masses 
and the prostate was slightly enlarged. 

The urine was clear with a pH of 5.0 and a 
specific gravity of 1 008. The albumin and sugar 
were negative. Microscopic examination reveal¬ 
ed 18-20 NVBC/hpf, an occasional RBC/hpf, 
and no Casts. The urine Sulkowitch was slightly 
increased. The hematocrit was 34%, and the 
repeat hematocrit on two other occasions were 
39%, and 37% respectively. The sedimenta¬ 
tion rate was 40 mm. corrected in one hour 
The white count was 6.S00 with. 2 bands, 78 
»egs, 16 small lymphs, 3 transitional mono¬ 
cytes, and 1 eosinophil. The blood urea at 
vartous periods of hospitalization were 65 
mg.%; 63 mg.%; and 6$ mg.%. The scrum 
ch.oride was 98 niEq/Jitcr; CO, 27 mEq/ 
liter; serum sodium 145 mEq/litcr; and serum 
potassium 4.5 n,Eq/ liter. The total protein was 
•7 grams percent on the electrophoretic pat¬ 
tern, With 60% albumin, 7% Alpha I globu¬ 
lin, 10% Alpha II globulin, 10% Beta globu¬ 
lin and 14% gamma globulin. They were 
within the normal range. A sputum for acid- 
f 'st smear and culture was negative and no 
pathogenic organisms grew on routine smear 
and culture. A fasting blood sugar was 11S 
mg.%. On December 31, 1962, the alkaline 
p.-.Ospnatasc was 4 BU; serum crlcium 13 
mg. /„ or 6.5 mEq/litcr; ar.d scrum phosphorus 
-.9 mg.% or 1.7 mEe/iitcr. Repeat studies on 
January 2, 1963. were as follows: alkaline 
phosp.tatase 4.3 EU; calcium 11.4 mg.% or 
. .7 inEq/liter; and phosphorus 3.7 mg.% or 
-1 rnEq/liter. On January 7, 1963, the alka- 
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line phosphatase was 6.7 BU; calcium 14 1 

pbosphoru ‘ 4 -7 

r pop ,,cn Th '-‘ b,00d “rtosy was neg- 

A ] 5P k ‘« done with an output in 
J5 minutes of 150 cc. and 10% excretion; 
one hour. 170 cc. with 15% excretion; two 
«our S . 100 cc. and 10% excretion; a total of 
*>-0 cc. output with 35% total excretion. The 
first and second strength tuberculin skin test, 
were negative. . 

The x-ray, of the dorsal lumbar spine 
s °wed old ankylosing spondylitis. There was 
fusion Ot.thc epiphyseal joints. There was su"- 
gextion of early osteoporotic collapse of the 
secono and third disc of the lumbar area. The 
chest x-ray si,owed loculated pleural fluid at 
he right base. There were multiple calcifica- 
for.s w„h a constant relationship to the lower 
Foie o. the -’eft kidney which was felt due to 
nsph.ocalcmosis. He was seen in consultation 
by the Urologist at this time. It was hi, feeling 
hat .he patient had bilateral pyelonephritis, 
hft ncpnrolitniisa. and left ncphrocalcinosis. 

He d,d not find any evidence of urinary 

, C ‘ obstruction, either in the high or lower 
^ tract 

A diagnosis of pulmonary infarction from 
phlcoothrombosis in the deep veins of the left 
leg was made. In view of the fact that he 
had been taking 50.000 units of vitamin D 
four times a day for 12 years, it was suspected 

. conurmed tnat the paticnl had vitamin D 
intoxication. 

The vitamin D was therefore stopped and 
«hc patient was treated in the usual manner 
: 0r PUimonaiy ir.fr.rction. Me showed marked 
improvement and was discharged home on 
amoJatory anticoagulanu on January 11 , 

^The petient was remitted again on January 
16. 9oo, with a recurrent thrombophlebitis in 
die left leg and left arm in the area of the 


antccubital fossa. He responded well to his 
bveament for the thrombophlebitis at this time. 

Io C OS m 7 iP;C ‘ r,C SfaVi,y 31 ,his ‘'me was 

The L Urn ’ n nC5atiVC; and SU S ar nc 2 al ivc. 
The microscopic revealed an occasional WliC/ 

hpf and a rare RSC/hpf, with an occasional 

wrc'L fZ TnC ChCmiMrici at admission 
mPo/n Uffa <4 n, 2 % : sodium 142 

mTVhtcr potassium 4.3 mEq/litcr; phos- 

B0Tnd‘^-Tut % 6S a,ka, « e p: ’ 0Sphatase 4 -5 

u. and curium 6 $ mg.%. A repeat calcium 
as 9.6 mg.%. Tlic CO, was 29.0 mEq/litcr 
chloride 109 mEo/liter. Total protein was 6.9 

X*.. W,t ? a,burnb of 36 V* * and a 
“ af ° ’ Sm.%. Tne urine Sulkowitcb 

On the patienf, last office visit, August 5, 

i hC ; VuS d ° m " vcr y '«»• 1« wa, being 
niaiiiUjucd on ambulatory anticoagulants. It 

was interesting to note at this visit that the 
patient voluntarily stated that he was not hav- 
mg tie mild headaches that he had previously 
had and he was.having no thirst, frequency, 
hesitancy, or urgency on urination. At this 
time a routine urine was negative for albumin 
and sugar, but microscopic revealed 1-5 WBC/ 
bp and 10-12 RBC/hpf. The scrum calcium 
. , phosphorus 3.7 mg.%; alkaline 

Phosphatase 5 BU. The blood urea wa, 51 
ms.,*. Total proteins were 7.3 gm.% with 
albumin 4.1 gm.tf and globulin 3.2 gm.%. 

A scrum potassium was 4.2 mEq/liter. 

Discussion 

of V JT! t n D ba * bfcn Uicd « ‘‘be treatment 
of arthritis, allergy, rickety psoriasis acne, 
trichinosis and hypocalcemic state,. Most eases 
of intoxication have resulted from taking hun- 
reds of times in excess of minimal adult needs 
over months or years; usually 150,000 units a 
day or more. 1 

Vitamin D increase, calcium absorption 
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j'rorj the gastrointestinal tract and phosphorous 
excretion ;n the urine. The sequence of events 
may be: ’ ' 

(1) Increase calcium absorption 

(2) Increase scrum calcium level 

(3) Deere., re parathyroid gland activity 

(4) Decrease urinary phosphate excretion 
because of decreased parathyroid gland 
activity 

(5) Increase scrum phosphate level 

(6) S-persaturatien o. blood_*/ith respect to 
calcium phosphate 

(7) precipitation of calcium phosphate in 
eor.ormni sites with metastatic calcifies^ 
tion (kidneys, bronchioles, alveoli of 
tlis lungs, mucus membranes of the 
stomach, blood vessels, and other 
tissues.)* . 

Fatal intoxication from vitamin D can be 
produced vmhout the development of hyper¬ 
calcemia, painting to tlsc toxic effects not med¬ 
iated »Iirou; n its effect on calcium metabolism.* 

If the intoxication with vitamin D is severe, 
additional manifestation* may occur with in- 
spissation of blood as a result of hypercalcemia, 
acute failure of renal filtration, rapidly rising 
plasma phosphate and non-protein nitrogen 
levels, and death from electrolyte imbalance.* 

If there is a low intake of calcium with 
hypervitaminosis D, the scrum calcium is not 
high; the scrum phosphorous is low, and the 
blood chemistry charges are similar to hyper¬ 
parathyroidism. The diagnosis is clear front the 
excessive intake of vitamin D.* Individual sus- 
ceptahiiity varies; Howard and Mycr noted 
that patients getting twice the dose that their 
patient* had did not gt: intoxicated from vita- 
min D. They though: this was due to the vari- 
st.-ons in intestinal conditions rendering absorp¬ 
tion hewer in some patients or that there may 
be cellular resistance of an unknown nature to 
the action of the drug.* There are conditions 

• 
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which predispose to developing rapid hyper- 
calcemic states; namely, high intake of cal- 
c.’jm, 4 ' * immcb.lization,* and sarcoidosis.* The 
increase calcium absorption in sarcoid is prob¬ 
ably due to a hypersensitive response to vitamin 
D and not an over-dose. A decrease in calcium 
absorption is seen in renal failure and this is 
probably due to a decreased responsiveness to 
vitamin D.* 

The patient may have one or more of the 
following symptoms; anorexia; nausea, vomit¬ 
ing. dbdomina! pain, weight loss, diarrhea, 
polyuria, nocturia, polydipsia, headaches, 
drowsiness, weakness, blurred vision, photo¬ 
phobia, hearing impairment, pruritis, depres¬ 
sion, stupor, and coma. 

On examination there may be abnormal 
brownish pigmentation of the skin; subnormal 
temperatures, conjunctival injection and depo¬ 
sition of calcium, hearing Joss, mild hyperten¬ 
sion in one-fourth of the eases (increased cal¬ 
cium deposition of arteries and accelerated de¬ 
velopment of atherosclerosis), and band kera- 
’ litis. 

Laboratory results may show the serum 
eJeium elevated; scrum phosphorous normal, 
high, or low; normal alkaline phospf atase; mild 
anemia; proteinuria; casts; elevated non-protein 
nitrogen; impaired PSP; fixed specific gravity; 
Snlkowitch 3 to 4-f; and electrocardiographic 
changes with b sh . •: Q7 interval. 

X-rays may sho r calcification of the peri- 
J.rucular structures. * lie bones may show osteo¬ 
porosis but this is probably due to an arth¬ 
ritis rather than vitamin D. Metastatic calcifi¬ 
cation of other sc.'t tissues as prostate, kid- 
n-js, ex./amities, media of arteries, heart 
va.vcs, and subcutis choroid plexus ere often • 
seen. The intravenous pyelograin shows a de¬ 
creased ability to excrete the dye. 

Tho diseases to be differentiated from vita¬ 
min D intoxication include primary hyperpara- 
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thyroidism, .sarcoidosis, multiple myeloma, pri¬ 
mary or metastatic carcinoma of bone, J-fodg- 
lins disease, leukemia, Burnette's syndrome, 
acute osteoporosis of disuse, and idiopathic 
hypercalcemia of infancy.* 

The treatment of hypervitaminosis D con- 
*:ms o; stepping the vitamin D; avoidance of 
c~.e.ur.i in me diet; avoidance of exposure to 
sunlight; and forcing fluid*. One may use ster¬ 
oids in cases with central nervous system stupor 
or coma; with this drug there is an increased 
urinary and feeal output of calcium.* Verner 
ct al had two cases treated with cortisone, and 
the serum calcium returned to normal in 8 
and 13 days without serious complications. 
Without cortisone the scrum calcium may take 
t.irec mourns to return to normal, and if renal 
insufficiency is present it may take 18 months. 
Ccrtiscr.r L an important addition in the treat¬ 
ment of the critically i|] with ’his disease. Jt 
is useful therapeutically and may be of help 
diagnostically as a trial in distinguishing hyper¬ 
calcemia of hyperparathyroidism; cortisone 
docs : ot affect calcium level of hyperpara- 
thyroxisrn, whereas ia hypervitaminosis D and 
sarcoid the calcium level is greatly reduced in 
10 days alter 15O-2C0 ingm a day. While on 
cortisone a^ careful control of fluid balance is 
necessary. The prompt return of scrum calcium 
to m rma! would favor a more rapid decrease 
in blood urea.* 


Tins 41-y.ar-old man without a prescription 
had been able to get vitamin D in large doses 
for 12 years. Al no time v.-as he warned of 
the possible toxic effects of the drug. The vita¬ 
min D was apparently given for arthritis. He 
had had three previous hospital admissions, 
two for complications with bladder calculi; 
vitamin D intoxication was not suspected. He 
had hcadacncs, thirsty frequency, hesitancy, and 


urgency of urination. The laboratory confirmed 
the metabolic abnormalities of calcium and 
showed impairment of renal faction. The x- 
rays showed r.ephrocalcinr sis. After withdrawal 
of the vitamin D, the symptoms improved and 
the blood calcium metabolic levels returned 
■ towards normal in 18 months. He was not 
given cortisone therapy because he did not 
*ccm critically ill as far as his complications 
from vitamin D were concerned. 

d 

Summary 

v A case '* "I'ortcd of a 41-year-old man 
*1'° ,ook 200.000 units of vitamin D for 12 
years to help his arthritis r only to find out It 
htul led to serious complications of hypervita- 
niiuosis D. The patient was showing continued 
Improvement at the time of his last visit 18 
months after discontinuing vitamin D. 
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Olro uspcclo a considtrar ca la insuficiencia 
renal quo padcciun los enfermos presentndoa. I a 
insuficiencia renal es una complicad6n inqior- 
lanlc del micloma multiple *'• y cm atribuida gene- 
ralmcntc a los cfccto;; dc la proteinuria do Bence- 
Jones sobre la ftmcioii tubular Sc conoccn, ade- 
mAa, otroa fact ores que pueden producirln, como 
la hipercalceniia. dc-positos de dcido urico, Infil- 
trncidn dc cdulas del micloma, amiloidesis, pic- 
lonefritis, anemia y viacosidad aumentada de la 
aangre. Raramcnlc la insuficiencia renal ca de- 
bida a depdsitos intraglomcrularcs dc la globu- 
lina sirica anormal ", 

Dc loa factorcs arriba enumcradoa aolamcntc 
algunns pueden haber causado la insuficiencia 
renal en los casos presentados. En cl caso nu- 
mcro 2 hay que seiialnr la amiloidosis, depdsi¬ 
tos intratubularcs dc protelnas, picloncfritis y 
proteinuria de Bence-Jones. La proteinuria de 
Bence-Jones, como ocurrc en ©ste enfermo, a 
veccs no mucatra la precipitacidn caracteriatica 
entre 40 y 70* de tcniperatura y su redisolucidn 
a los 100*. Sc debc fundamcntalmente a que cl 
pH y la concentracidn dc protelnas y sales no 
son los adccuados, siendo la elcctroforosis el 
mdlodo mas util para dctcctarla. En el caso 
nuincro 1 solamcntc sc conoccn como factorcs 
causantcs de la insuficiencia renal, adem&s de 
la amiloidosis y depdsitos intratubuiares protcl- 
cos, la hipercalcemia. 

La insuficiencia renal empobrece cl prondstico 
del inieioma, sobre Lodo at! sc favoroc.cn las con- 
diciones de prccipitncicn Intratubular dc protei- 
nas con orinas Addas y restriction de liquidos. 
Dc nhi ouc una mayor ingesta dc liquidos y alca- 
linizacion dc la orina son medidas que deben 
incluirse en d tratamiento del micloma para 
evilar d empeoramiento dc la insuficiencia renal. 

• 

Resum en 

Se dcscriksn dos casos dc mieloma multiple 
con paraprotcina dc movilidad elert.* .'forctica al- 
fa, y afcctacidn renal sccundar'a, .. • de ellos 
asociado con amiloidosis y otro extoriorizado co¬ 
mo una artritis rcumntoidc. Sc comcnta los po- 
sifclcs mccanismos dc la insuficiencia renal y al- 
gunos aspcctos dc la inmunologia del mieloma. 
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Dcsde cl auo 1928, a travis de las publicacio- 
ncs de li*^s y Lewis *, conoccinos lus efcctos 
desfavorablcs que puede prodneir la vitamina D 
a grandcs dosis o la acministraci6n dc cantida- -• 
dcs moderadas a personas que padcccn hiper- 
sensibilidad a la misma. .» 

Dcspu6s y de forma progresiva ha ido prolife- . 
rando cl nfimero de coinunicacioncs comcntando * 
aspcctos parcialcs o gcncrales de csta situaciin; ! 
por lo que actiialmcntc csti bicn dclimitado el 
sfndrome cllnico y bioqulmico, asl como la tcra- ' 
p^utlca que debe estabiccerse. 

En nucstro pais, suponemos que la intoxics- 
ci6n por vitamina D cs rclativamcntc frccuente, 
basAndonos en In cxpcricncia dc cuatro casos 
que hemos tenido ocasi6n dc estudiar en la Fun- 
daci6n a lo largo dc un curso. Tambidn en d - 
hccho dc que existen multitud de preparados de 
vitamina D nislados o cn combinacidn y alimen- ’ 
tos cnriquccidos, leniendo a todos ellos f&cil • 
acccso cualquier persona; y, finalmente, consi- 
dcramos que la dicta ricn cn Ca y cl clima con 
miichos dins dc sol cn In mayor parte dc nuestra 
geografla, pueden scr coadyuvantca cn alguna 
medida. 

En cl jircscntc trabajo nos rcfcrlrcmos sola¬ 
mcntc a dos casos seguidos mas dircctnmcnte cn a 
nucstro Dcpartamcnto. 

Cr mo nilm. 1.- X. T. S., velnt* mwt Nncl* do erttbn- 
rnro y purto nointal. A lux ilU-x nvrm tulvltUA *u fnntl- 
lln rpui In lit An IrWu much:t opin a In vex quo mm dlu- 
rvaU cum nlMin-Ianlrx c»n ortnnx clnrnn. M n|n.-||lo ha- 
litn tllMttlmililn |v..i'itlrtnn>i-nle a |>ero no cxIMInn olro* nig- 
non o i.lnioma* tll|;ttON du inancldn, .. 






fovs 
NOmcm 4 


MOT4S CLINIC AS 


riiM , ’ Wrtl,, V l Un011 -b4,Ws '•*' or) nn fon dcnsld.iriex quo on- 

r **J! * y , Pn!l ' y ' ,Ul ' no lw "XKlIflrniMji con 

la ln> i < cion «lc cirvo itnltl.i«lr* do tannto «lc* |>lticAinn. 

a* >rncU%n. la nilui Iona un iVwirrullu o.lccua- 

do para mi nlnd. Hurtia rnlot tirltai do plot v muroanx 

B T A n•*^ U ' r ' ,rl<,M ’. rnrdlo P«>'""»‘'* : normal. 

T. A.. i>.VC..V Abdomen ol.unlo. no ac palps ol lilrndo 

nopaUa* ,OS 1 ftone *' N > cdo,na *- •« apreclnn adc- 

l’^ 1 mo rot nndllxlx ro» dcmuextrnn muy discrete 
anemia. 1* V. <lc S. ca normal porn mi nlnd. Leucoclioa 

LHnrf’!. rrjf- ** ‘ 0n ’» ,rur,K ' *» delcrinlnndoncx 

acrlad.ia donsi<l.idcs urinarlaa bajaa. 

c, "”° P un »® do parllclu d dlar- 
ndattco do dinlioloa Inxlplda. Oilcntnndo la* alfiulonloa 

C~ P tando T'dn" ,,UP B con, '» u «f<ln expinenro.., 

'* 

ram!.'! a. 1 ? M 0lw . dc ’* ort v '* ln y«ccldn de duals satu- 
[, !'* !' pltreslna, quo no inodificaron las diuresis ni 

* - I. !' dosenrtumos loilos lot cuadros dc dlalrclON 
Imrtplda dc orison crnlial. TVsputs, pnxondo jcvlrta a 
WNlos las procoxos que curxnn con pollurln dc orlgcn rc- 
nal, pudiinos dcxcartar unos y otroa con los datos clini- 
eow y bloqulmicoa dc quo dlsponlainoa, hasU llcrar al 
ffrupo de lax lilpcrcalccmlas. Roallzadas vurlas dclcrml- 
nacionos dc caldo en sangrn obturlmoa cifras dc mAs 

11 n, C- por 100. Su cuadro dlnlco no corresponds 
ni a hlpcrparallroidlsmo nl a sarcoidosis nl tampoco a 
abwAn proeexo mail goo dc los que curxxn con hipcical. 

nlvc in^u .72“ UC i 6n do , ’* cnfer ™' «u dcwrrollo y 
nlvcl inonlnl adocuoelos y Ion datos bloqulmlcoa tampoco 

dc Wpcrcalccmla idlopdtlca. Por 
*“ cd#ba con, ° 0n,c * posihllldad para onralar au 
•“***■ '"‘oxjcncldn por vllamlna D. que la tfta ha- 
. hd ° C " do * ,# ,6xica * (20.000 unldados diailas du- 

l^torKriSg" C0mpr ° bamO * f " U " *"«“"*> *"• 

estc d,3 Cnd'<lco Intontanios rcallnr un be- 
qu . c . fuc i,n P®»®'e por la dificultad que 
entranabn la rcrogida complcla dc hcces y orina on una 

"! ft * l da V” corta . cdad ,>cro cn dctormlnaelonos olsladas 
se obluvlcron cnlclurlas do mAs dc 200 mg. cn 24 horse. 1 

Hen/ ,, i r ,CU . CA U *? a b, °»’ SU rCnal . cu l'® CStUdlO dC- 

mpstrd dcprtsltps_ije_ralclt»_cn cl Interior dc algunos to- 
(®ra U jV B OCa,,0,,c ’ , ** co,, ((nuuba'n coiTcTlnimMl^w: 

. ®" n ’ r ! l<1a * un «’**•"'**" pobre en caldo y cvitnndo todo 
sportc dc proparados dc vitxmhia D, sc Instituyd un tra- 

JS'SS: C ° M 30 *"* prcdnlsona .P dU duram. 

ll ' mp0 de m «dlcacldn aslxtlmoa a una 
mejorla dlnlca ovidcntc. Aumontd d apctlto. dcsaparc- ! 

***’*,'“ ** 1>0 l! Ur1 * y P° ,ldl P' da - « Ca on sanpic dbSnl- - 

* ia * 1 * 9 m ff-* *'*( como Ins calclurlns por vcinlicua- < 

de la°orini JU nJ^ " duJc, " n n uno * «> nrff. La dcnsldad : 
^r r, a “^ " d ' 6 c J ; P onlrtncs ‘nronte hasla 1.010, lie- • 

,- . 0M con ,a ln >®«(d" dc A unldados dc ta- 1 
nato dc pllroslna (cuadro ntlm. I). J 


cuadho i 

Uotti/irarionci qxc sc obAori^croa cm U r tuftirwum o r i 

S3?* -»" l «'®'^»(® -n 

v i > T la dc ' u “ d * rf ®* («»crdoxo. 

do + tv., */x que so tnodlflraran ta dmrrsis 

n( la dttuldnd. Dc*)iut* dif Iralamlcnla, la dcnsldad 
aterndld c*j>onlAnrat, trnfc a J.0IC, /tapondo a 1.027 can 
la pnn bn dr la ted y la inycccMv de t V. dr yllrmna 


"1 W * *\ , u - C ‘C- dlcclnucvc mesos. NndO a 
Idinilnq. do*|*K-s do un cmbarnxo ihhiiisI, iirxnndo 1 ki 
K„:n,nurx. Kn cl parto f ncooxarlo u.I.'lT^ vomolli 
Tonln rlrrio piadu dc rla>iosta on roladdn con nn,,. 
vucllos do corddn. Re lo admlnlstiO oxl^cno y cn xcculrta 




sF 

MR. x JIOi 

Dur «ntc dos mexes ac xlimcnld xdlo coo 

meme A i^ m, | E . aBn " d ° PC "° y de * 1 rrolWndoaa normai- 
*°« «^ r ‘« nuraea pcaaba S kllogramoa. 
Jnslctloaamcnte cl apctlto dJsmlnuyd, aparcclondo aad 

luZZZLi ncclbld frecucrtomcmo 

vllxmlnas, cnlrc cllaa vltamlna D y caldo, sin coder 
prcclsar doais nl ltempo. Orina mucha cantidad troche y 

Xo refleren caaoa semejantea entre aua famllixrea 
A la rxplorncldn: La nIAa ticne un draarrollo Inferior 
al que Ic corresponds, llucna cnloracldn dc pie) y dc ms- 


Dluivdc . 

Dcll.‘:l<hid . 

Cnlo'a on sangra . 

Kdi.foru on Nine re ... 


Hassles 

SOO-LbOb ~ 
1.003-1.004 
11.&-12 <> 
4.4-4JI niff. % 


Di ipoCx del Ira- 
laink-nla run 

|»rnlnb«Nia 

400-LOO 
1.0IC-I.C2T 
4.0-10 me. 9 
3,1-3,1 n»#f. >A- 


ne?‘ m<, »es. fMopsla renal w-rrulS- 

"fstaTu? oTirL rex fddn inlorsilelsl; crtnlsdca 
luouiar. Ovilla glomerular normal. HE. x R 

no T m * 1 P“ r * "• f dud. Kxploracldn car- 
dlopu momir normnl. T A... 11 / 7 . Abdomen, blando, no 

n?.!!? hl , K,do * «• *»«® nl loa rlAonca No edemas. 
.. . com |Jcnirn4arloa: Sangre. nnomla tnuy dlxcrv- 

Na "taT u °e c d ^. ,8 .2°° *°" 8 « , ®>adoa. 4 ooslndfiloa, 
A*. 134. K. 4.7, Cl. 37, R. A. 2) (mlCq/l.). pit 7,51 

qT nmuccta ■ ro i e,no ‘( ran,, ‘ *dn allcraoioiwa El 

Coi.Xritl C mp - P° r 100 : p - 2.1: r. A.. 17.0. 

C ' .': , ‘ r ) na ; |»ra xu cdad; :CB mg. |ror |00. 

H .°‘ n r dl ' M - r ‘ la ‘> • ,, ( erne lone a cn e| xodlmcia-. con la. 
dlclnx do pratoliMiria, ilcnxldad de 1003. Slombra de o0* 


E558 


I 





324 


HKV/STA CLINIC A B8PAMLA 


n trUrern 1 MI 


rvi myUvM. ra extutHo arrlndo no* (Irmoertr.n una po- 
HuiU dc uno* I.Ooo c. c. |>or 2Vh.. cr tli-imlihdo* «ur 
OKClIan rnti« 1.001 y I.OCS y no w nHNllflcnn con,* 
InymlAn do dost* xntutnnte* do pllreMna 

*ttsxxr* m ' ,M,,ria ** Nn * k *° n 

“ uj‘ r a 3d “ * ,0 ' n, ' ru,a ., . m * dMo » x,r fl •etaramlcnlo do 
croaU idna e *t* dcacowlldo a unoi <5 c. e./mln.. corres- 
poiKiivndole unoc 30 e. c./mln. 

c "“'oWfo "o Oomuofrtra calcMcaelonca re- 
. M , w del cr/tnco fill norniAlmcntc calcific* da. 

£* Hf 1 !* 1 ** aumentsir y guturaa noma- 

w*. ra rxtrrmo do In* rplfi«|» eat* hlpcrcaldflcado. La 

d s£ *.* * ,C ° wcnor *»*** ta «*•<• real. 

Sc practice una blopala renal, en la quo solo aparcccs 


Diiranle sit cstn.icla rn la Clhilca, y despufe de** 
loniar his medidas dc orden general, sc decidid 

ZlTr ''^ 0 '' c " lcroi ‘ ,e *. 30 mg dla dc pred* 
nisona. Con cllo. y dc forma progrrsiva, la en- 

ferma mojord cllnicamcntc. sc hizo mAs sociable. 

° m ° JOr y san6 vefo - cifre de ca’cio 
dcsccndio, aumentnndo cl filtrado glomerular 
como mucstra la figure 3. b omcruiar, 

COMENTARIOS 


B C C. 


tosa 

A-. , 

a—«ofl| 

[ 24k. 


£ 19 mciea INTOXICACION VIT. 6 


drnl UffimfTHnflnHllfrrr 


c* 


■i/n 


1—« 

‘ I MT 4 I 0 »o 8 ico~~ 





*•' c «''5£ 


EvoluclAn dc I* rilurc»t«, calrlurla* clfrua 
platinAlira* deCayPy flit ratio gloinrrular en relation con , 
el imainlcnle con ritfroidci y ntaU>. ( 


prqucAos dcpdkitoa dc Ca on algunos tubuloc a Inter** 
Uclo con elerto Riodo dc rcaccldn Inflnmatorla Inter** 
IlCIfll 2)* 

Con rslo* date* no* plontonmos el dlaj,*n4*tlco dlfercn* 
clal enlrc la hlpcrcnlrrmla IdlopAtica y la Intoxlcacldn 
por vltamlna D, dcwnrlaiKlo la* demits enuta* de hlucr* 
cnlccmia por vtsoncn clinic**, 

Kn contra de la Intoxlcoddn por vltamlna D tcnlnmoe 
la fnltu dc evldrncln de adinlnlstracldn de vilnmlna 1 ) 
a grande* dost*, la atixenela de alcalosl* metabdllra (la 
m#*rrsst» tenia 7.52 de pH., pero con n. A. de 21), eoln- 
ddiendu slempre can hlpei ventllaclAn en el moincnlo de 
I* exjracddn, ya quo In nIAa llornba, y la falta de al* 
trradoncs daeas cajwcIflcAS. 

Sin embargo, mi rundro lantpoco eneapiba en el de 
jiiprrrnlcemla liliopntlrn. Knltaban lu* ullvradones nomit* 
Ilea* cjue la cameteiixnn (eplranto. frente ntta, enlrlfl* 
cacldn do la bnae del critnro, etc.). Aparte de algim duto 
analllleo que tlene clrtto valor, como e» lu eoleaterlna en 
aanRM. que suele eatar cicvnda y en nueatra inform* 
era normal. 

lV»r lotto elln no* Itw-llnnmox por el primer dlARndittlco, 
apoyAndonoa rn In rvolui I6n y rrhpiioNtn al Irnlumlrnto 
ipie rue m4a rn rmtnmuiitrl* eon Inloxlendon W Vila* 
win li. 1 


Al presentsr estos dos enfermos nos propone* 
mos llamar la atcncidn sobre la frccucncia con 
que cams si mi lares pueden darse, por las rszonee 
que menrionftbamos on la introduccidn. 

Al mismo tiompo queremos rcsaltar los aspec* 
tos Intcrcsantcs de diagndstico, cvoluc!6n y trm- 
tamicnto, hacicndo hincapic cn la extraordinaria 
importnneia que tlcnc cl planear de forma orde- 
nada un diagnistlco difcrcndal completo, puea 
los enfermos casi nunca nos dirin que tomaron 
vltamlna D, sino silo sus slntomas, mis o mcnos 
oricntadorcs. Pcro cs mAs, aun conocicndo el an- 
tecedcntc dc administruciin de vltamlna D puede 
ser dificil saber laa dosis exactae. 

Los slntomas de la intoxieadin jx>r vltamlna 
D, estnn condidonados por la hipercalccmia que 
produce a travis de los siguientes mccanismos: 

• Aumcnta la rcsorciin de Cft cn el tobo 
digestivo y sccundariamente de P. 

2. Aumcnta la rcsorciin de fo-ifatos por los 
tubulos rcnalcs, con lo que disminuyc su dim!* 
nacior y numentan sus nivclca cn sangre. En 
auecncia de parathormona aumenta la elimina* 
ddn dc P. 

• ?!!« t*ldo dc los huceos cuando el 

caldo dc la dieta no cs sufidente. 

4. Rcgula el cquilibrio entre cl caldo dc los 
hucsos y cl de la sangre, acci6n mediatizada por 
las glaiidulas paratiroideas. 

Las ncccsidades dc vitnmina D para un niAo 
soirdc unas 2CC unidadcsz-'dla. 

Diacn6stico diferencial 

Lstos enfermos acudcn al mNico aquejando 
polidipsin, poliuria y muchas voces con varios 
analisis dc orina, en los que persiste una densi* 
dad baja. 

El primer diagndstico sindrdmico que deberi 
eslablcccrsc cs por tnnto cl do diabetes inslpida. 

Rcpasando Ins publicaciones de Wauckner * so* 
bre estc Icma encontrnmos un gran numero de 
proccsoH que eursan c«m esta nltcracidn siendo 
facilmenlc dcsgloiinblcs cn dos grnndcs gru]>os: 

A) Pinholes insipidn dc origen central. 

E) Pin Lotos in.sipidrt ncfrogenlca. 

I^a pruota diagndstiea dc fAcil rcalizacidn que 
nos detorininnrA cn qu£ gru|x> eetA incluido un 
enfermo ton jioiiuriii, cs la inycccidn de dosis 
fra turn lit o dc pitresinu. Si cl volumcn y la densi* 
dud no nc modificn neeptaremos que oxlstc una 
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incn pari dad del riu^u jw.ra rrfiiximlcr a la A. D. 
| H., Irnlnndn poslcriornicntc do busesr el jer¬ 

que dc esta falla dc rcspucsta. 

; 4 En fsle apnrlndo, incluhcmos Como enusns |x>- 

, siblca Ins siguientes: 

j a) Diabetes iusipida ncfrogcnica csencial. 

. b) Sindromes tubularcs complcjos (Fanconi, 

| cistinosis). 

i c) DcplcciAn de K. 

i d) OclusiAii partial do arteria renal. 

1 • c) Drcpanocitosis. 

i) Diuresis osmAticas. 
i . g) Picloncfritis. 

\ h) Ilijicrcalccmias. 

El primer diagnostic*) siempre lo scrA dc ox- 
cltisidn por no conocor la causa y no tener unas 
< ' alteracioncs tipicas qua lo confirnicn. Se sucle 
dar cn varones. En ocasiones cxistcn antccedcn- 
tea faniilinrcs. No rcsjjonden ni a In deprivation 
de liquidos ni a la inycccion dc tanato dc pitre- 
sina, aunque sc ha com]>robndo que si con reduc¬ 
tion de liquidos In perdida del peso corporal lie- 
ga a un S j)or 100, puede ascender la densidad sin 
. que sepamos las raxones. 

En lot cuadros tubularcs mas comjilejos del 
tipo del Fanconi, cistinosis, etc., onconlrariamos 
a travAa de Ins dctcrninacioncs pertinentes otras 
manifcsladones de alteraciAn tubular como son 
glucosuria, fosfaturia, aminoaciduria, etc. 

En la dcplccidn de K obtendrfamos una dfra 
baja de cslc caliAn en sangre, buscando jwstc* 

• riormente las enusns dc su dcplccidn: vAmitos, 
diarreas, diurcticos, jicrdidaa renames nor otrai 
causas. 

La drcpanocitosL cs una enfermedad que no 
sc da cn nucstro medio y que citamos como cu¬ 
rl osidad. 

La diuresis osmAtica. sera fdcil de dcscubrir 
por cl antecedents do administration dc alguna 
de las sustancins que la producen o mediante cl 
diagnAstico dc determinadas situaciones clinicas 
en que ajtarccen. 

La picloncfritis cs una enfermednd cuya clini¬ 
cs cs bicn conocida, pudlcndo cn ultimo caso prac- 
ticar una biopsia renal con la que obtendriamos 
un diagnAstico dc seguridad. 

Por ultimo, tenemos cl grupo de las hipercal- 
cemias en cl que cstnn incluidns diversas enfer* 
mcdndcs que pueden cursar con poliuria, y que a 
continuation cnunciamos: 

Sarcoidosis. 

II iperpa raliroidisino. 

Di versos tumorcs con o sin metAstasis oseas. 
Micloma, Jinfomn, kuccmias, Hodgkin, 
llipcrcalcemia idiopAtica. 

Sindromc dc lechc ulcalinos. 

InloxicaciAn por vitamins D. 

Para hneer el diagnAstico difercncial de cslc 
grupo dc cnfcrmcdndcs crcomos niuy cnnvcnicn- 
tc dividirlas en dua grnndes grtipns. Aquclln* cu¬ 
ya ainlomatolngia no solo d qiciidc de la hiiicr- 
calccmln y cuyo dingnoslico esta hccho rnuchas 
voces antes de quo iiparcxcu cute signo y nitre 
las que Incluimos: Karcoidimis, liijierparatiroidiH- 


mo, tumorcs, micloma, linfomas, leucemia, Hodg¬ 
kin; y un segundo grupo cuya isintomnlologia 
fundamental esta producula jx»r la hijicrcnlccinia 
que comprcitdc cl resto; si bicn cn los casos do 
sindromc dc lechc y alcalinos puede perdurar la 
sintomatologia del ulcus. 

En cl primer gnijx) esl/in incluidos una 6cric 
de cuadros que conscn’an unas carnctcristicas 
clinicas y bioquimicas y nnatomopatologicas que 
dificilmcntc nos Ncvar&n a confusiAn entre ellas. 

El sindromc dc lechc y alcalinos cs de fAeil 
diagnAstico si lo plantoamos y, finalmcntc, nos 
quedu la hijxrealccmia idiopatica y la intoxica- 
ciAn por vitamins D, cuya difcrcnciacion puede 
ser dificil. 

La hi]>crcalcemia idiopatiea cs una enfermedad 
quo habra que accptar sAlo cuando hayamos dca- 
cartudo el resto de los proccsos que cursan con 
hipcrcalccmia. Son ninos desnutridos con histo- 
ria de vAm.ios dc repel iciAn, estrenimiento, poli- 
dipsia y poliuria. Soniaticamcn tc conscrvau algu- 
nas peculiaridadcs, como son el cpicanto, frente 
dispejnda, arco nasal hundido, mandibula peque- 
ii.'i. RadiogrAficamente podemos dcscubrir una 
cfclerosis de los huesos de la base del crineo. 
Bioquimicamcnte se ha descrito la existencia de 
una cifra de colcstcrlna elevada y tambiAn aci¬ 
dosis hi|x?rclorAmica. 

La IntoxicadA'i por vitamins D cs un diagnAa- 
lico a aceptar cuando existc cl antecedcnte daro 
dc administraciAn de dosis tAxicas dc dicha vi¬ 
ta mina. Sin embargo, cuando cxistcn dudas so- 
LiC la cantidnd administrada puede set* difidl 
concrctar este diagnAstico. Clinicamcnte, como 
ya hemos scnalado, ticncn un cuadro intimamen- 
tc iigado a la hijicrcalccmia. RadiolAgicamente 
se ha descrito aumento de densidad de los ex- 
tremos de crcdmiento de los huesos con rarefac- 
ciAn en eje dc los mismos; tambiAn se pueden 
encontrar densas tineas mclafisarias. Bioquirai- 
camentc jiuede ser un dato importante la exis¬ 
tencia de una alcalosis mctabAlica. 

Una prueba rctrosjicctiva que puede ser util 
en cl diagnAstico difcrenciat dc una hipcrcalce- 
mia cs la administraciAn dc cstcroidcs. Con este 
tratnmiento podemos disminuir la calccmia en 
aqucllos proccsos cn los que cl mccanismc de la 
hijicrcalccmia reside cn un aumento dc la resor- 
ciAn del calcio a nivcl intestinal como son la sar¬ 
coidosis, la hipcrcalccmia idiopc ica y la intoxi- 
caciAn )>or vita mina D. El resto dc los proccsos 
cuya hi|)crca!ccmia parece cstar mas cn rcladAn 
con la libcracidn del calcio Asco no rcsjxmderian 
a esta tcrajiAutica. 

En d siguiente cuadro II resumimos, Anal- 
mente, las alteracioncs bioquimicas mAs carae- ‘ 
tcrislicas de algunoa cuadros que cursan eon 
hipcrcalccmia 

EvoluoAm * . 

Sucle ser favorable si no ha Irnscurrido mueho 
ticni|>o y no cxiatcn grandca depAsitoa cAlcicoe 
visccrnlcs. 
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CUADRO n- 

Hrtumru rfrJ 11/rmehl if lot dalot bfooi.finkos ,„A, Imm j , E 561 

kittcrcaiel Jl* , 4r a h*»— procttaot quf, r kroon con 


Hlperparntlroldlsmo 
IMoxteicM* VH. O 


Normal. 

A kulosls mrtabOUca. 
Akaiosla tneliiMlIca. 
Ale* lout* mctabJIks. 
Aka Ionia meta Miles. 
Normal. 

A veers scklosis hlpsr 
clordmlca. 


Slndruma da Burn<-U. 

Neoplasias . 

Uindrotncs paran. opIAsic 
lllpercalcemla kil.pitka 


THATAMirNTO do loA up cto« de histori* ellniCA, exploreclda 

Comprende cualro .partado.: £& dl.jnd.UM. 

-Ido. y r T” f ^ enc '* *—«*- 

S Srirr 2 ^ 

taaio ai exiatiera. * U * y . mlcmT^ !? v,ta ,'? na 5 y ncce »Wad« dela 

£ — W |C "°- “JT 1 "” COn “ teroid "- »« 

i=®ss sus53e*&& 

® terccr apartado n importante, pues la hi- 
percalccmia produce, con la poliuria, ptrdidaa dc 

agua, aodio y potaaio con disminucldn del volu- biblioorafta 

men circulantc y poaiole inauficiencia renal por >• «^. a. r.. y t*wis. j. v.-ciinkai wu» 

cate mccaniamo. - , •"*»»* erpcW-j. a» MaraWPSa 55 

P trat^iento «>„ ostcroidc. tlene una base ‘ 5 .-v^. K STSS 

Asiopatoldgica *, ya que cxistcn obtcrvadoncs de aSI ! ln> r VJ’! <a i«J" iSa ,rr * ,H wllh 

enfermos dc Cushing y otroa tratadoa con dosia *• c y£El l ! ;,!. l,; {* £ r stw m. w.-vu-d i*. 

idtaa de cstcroid.ia que desarrollaban hipocalce- *■ *•»««»,. w " J' -wiwsf'M dumsm «r 

mlaa, a travia de una diaminuddn de la abeor- -■‘’rHlIi ° : .P* 1 "<•*"•* pi. w.a! !uSS?«? 

ddn dc Ca a nivd intestinal. Por este motivo se •* w /£*Sa , iiui E ^ " c*n rwjS5EL!Tci..»aie eu. 
eneayd cats tera;>6utica cn distintos proccsoa con a' <=•''«•. a i^rm,;«»,*. m. o.: kop.maa, p . osirrmta. 

.JJK22S’. e ' ,ndo 2 e ut ‘ ndad cn la * *«tuado- w.® 

gm concretes ya mendontdu. ?? r*lua* $ a^i., >• sciiwuti Y,*S.-Tht Kuincr i« n. 

U doais y dui icion dd tratamiento variarin e uKSSlTa/*,35SSa^* 1*0 
en oida caso, pero ea fundamental inaiatir todo SST'Su?"""* “•^‘•^-k—Aet. fisa. aJmAfMa 

el tlcmpo que aca prcciao hasla que aparezea una •• t »•: iiotkiks, t. n.-. tumsas w c mu. 

y * “ rriJ *" ’»• “»• S;S«iirs 

II. Nmjs, J.. Davis; Joiix c. Vkskcr. y Ksamk, U — 

uSnaTw doa nliSfdJ SrtifSad fwnSSta^ 
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A'<*. Ml. ChilJh., J969, 44, 571. 


'K^UbcI t^UbjlfnaJ 


Nephrotoxic Effect of Vitamin D Therapy. 
v Vitamin D Refractory Rickets 

r_ ^ W * MONCRIEFF and G. W. CHANCE 

^ .^CUUH.oM. Uamenity 


Hjrpophosphatacmie vitamin D refractory rickets 

Which ^ inherited**! ilsot- 
Imkcd dominant (Winter. « «/.. 195 s), 

SriSa!h^tS r hC dcvc ’° rmc n' of «he stigmata 
" 77^. ,hc fnn r«u- of life. There is o r icn 
con.Wcn.bie delay before the correct diagl^s £ 

'rftlOHh !$ T*? n ” 5f ** *° ,nc "fardation 

**"• ,9:8 >- TJur rickets 

fA?hSh, n t ** vc ? r 1 ,,r 8 f <*om of vitamin D 
(Albright, Butler, and Bloomberg, 1937), but the 

rj^'Tr? "s *» ■s* 

! X v/i ,? h OW «nj SM,,‘ 

1 D “ ,ox,c dt ^* causer hyper- 

‘O Mphrooleloosis 

1964; David. Verner, and Engel, 1962). * * 

D ""2* ltudlcd 4 chi,dr ' n ™ h OUmin 

__rrCractory rickets.to assess the likelihood of 

!??! fr0m « refu »y monitors* 
•oog term treatment with vitamin D. 

. . Material and Methods 
etS" hypophosphataemic vitamin D 

"«5i*s •sa ssij; 
, Kin « 

“ri«ry whlrt “ lf,um ■*» «>* M-hour 

rnuh. wh,ch * rrt measured monthly ,hr 

resuh. ,,e summarised in Tables I and II TcJ *.* . 

N^phorus. alkaline phosphatase, btteriy m^m.d ' 

wm»nt phosphorus were .ho measured „™,h, y < 

children **"*• Three of 0 *’ j 

solutionST' ! 

«- hi - 


Case Historic* 

*• * n,il I'd was referred to hospital in too* — 
•he age of 2 years with bowed legs She had hxj n r? * 
Cwr and Gate milk from .h, ?**? been Mm 


asS , £32t‘TjHMF aa 

fiasyjta i'g.'rw 

•"Hid Marsh 10 , ISM. -— was necrssarv far rrli#f -r „i • , ilfcilpnaosy 


. - ..wn .»c age 01 ] month. On - -- 

: 5 =£«£& tSvr z * 3 z 

of the time has received 1 me. daily. Six !*** 

cairaenMa. with a raised serum calcium, and viiaiiSn bl 

£?Z 7" v°r d for 2 ^UTrS, 

TJTj^. b . flCf . «Pfao^« of hypcrcalcacmia during 
THer tachiiic defunss- 
Use* initially resolved, but recently she developed a — “ 

fZV'tr which w «««5iw«r33?i2; 

Ito height is now on the 25th eentile fo, herS (rTS 
Sf tow"' * rf ,h * — that-Se rickJni 

19M « thr w ** ‘o hospital in 

. , *®* of ^ yckrs because she was not aalkae 

t*e was found to have slight bowing of the tens J?-* 

oflhe WTisis and ankles, and slight swelling of the 

^ had drived Cow and Gae 

K, s. ‘ ,y "* UvtT 0,1 the x^ZT ZZT 

Her height was on the 3rd ccmilc for her are aa 4 
an *-ray of the wrist showed active rickets. The setwn 
calcium was 19 mg. /100 ml., photphZnnT i^Ti 

JfiSte "V 1100 phosph^e 

. . '**• treated with vitamin HJ and 

^ ' C J^ ffcrcd “^'“in phosphate solution. Desphe 
fuH co-operation, control proved diflicuh and dw 

2.’“*w -n» 


^ r , cruciate craniectomy 

waa necessary for relief of raised intracranial — 
due 10 complete craniosynostosis. Her hcighUs not 


; .% J . ... . . . .. 

. *' * 


•€ - Tr» - ,V 


TTr: r-T, 


. r 'l 




r-S* 


MoncncfT and Chance 

TAIILBI 

Number of Monthly Aftaturemaut of Strum Cmfthmm 


ttmm CAIm mlj 


TwalNa. 




CwNk 


TABU II 

umber of Mo.,,My Mcaynmum, of 24-homr Urinary Calcium Exnorim 

j_ ***" >c*i«.(ij»iiij | Tl-Ik 


Cdchw (tyn 


Mn«; Uiiaa 



kCwl 


on the 29th wwilc for her age (Fie i> and iV lU^.. 

* Min aHghtl, active rMnorSSSfc. 

fco. no .keletal deformittea. She hai reeeilSd b «£Z 

*■ ™«•< uk 

-ss jy , A , 3rta iSciMs 

E?bi£ l£!, , £2 c ? ** *•? : gt ° f6 ^ on,ht 

•» intermittently from , h « 
3 *: *** found to have advanced knock-knee 

sgstts^jsrs-sft: 
*.*££%• > T X“is srrrs’sisfS' 

SblJSk£°2T"" KA ” i, ‘- «!«2w2; 

ton ,nd ,h « *erum photphoru. wu 2-9 mk./ 

*°° "* 5l! "'** ,,c * ,<d «**■ vitamin DS and iiotonic 
“ ,u,ion - He Sm remS 
wen, and hi. dcforminet have .lowly rctolvcd. Hi. 
hei ght it now on the 10th centilc for hit age (Fig 2) 

* J"* y " H » “-cd tha, fh. r&S 

wa. Mil active, lie hat had 4 thort period, at hviw. 

HUd£ af ring W ! ,ic *L”“ m{ " 03 £* diKonunueit , 
l* v, “ m * P» ha. varied between 2 and , 
6 mg^a day for moat of the time tincc diagnose.' — J 


height wa. below the 3rd ccntile for her age. Aa 

2? HjMn^2 . JJ “ ,n *- /I0 ° "H. Phmphonn 
» ■»/»«• nil.. Mid alkaline 
'• ** “"it*. She m< treated initially 
‘".I 954 ,rta,mcn * *" changed w 
i^iT tl.w 3 2*1™ ‘’P 9 °" w » < » *ha wa. given iw- 
l^To^ il^ 2 d,,,, r„ ,,h<, * p,,W ' 1 ° ,ulto ° h» addition 
.. J?% * h f . ha ^ • Wl»«c»l oMeotomy of the tibiae 
Mer deformitie. have permtcd. ihough improved by the 

h ?. hel * hl h ** «•»•'«** on th7 Vi 
• ? k ^ O-A-rty* of the wriM .how that thr 
ncket. haa not beet, active for the peu I yean, lie: 
dote of vitamin DJ ha. varied between 3 .and 5 me 
daily tmee 1956, and die ha. had one prolonged, anJ 
lljrce .hon, period. p_f hypercalcemia. *- * 


Cnro 4. Thk girl wa. noticed to have bowed leg. at 

ma « 1 “ moo i h ! an4 *•* ldmi,,c d to hospiiM in 
_* ',** y. ° f «.>"”»• Her general hnhh had 
hccneood and die had had cod liver oil daily from the 
age of 4 month.. She had marked bowing of the 'eg., 
with 7 0 cm. teparatioo between the knee., ami Ok 


• :u 




Method. 

, 1 T ^ PM«cnt» were admitted to hospital in 1966 
lnrc.tig.iton of renal function. The urine wa. tevtrJ 
’® T ..f. ro<e,B ** AlbuMta tcM tape. (Arne.) and Ut 
reducing .ubnanee. by ainiteM tablet* (Amo 
v-rewinine clearance wa. mea.ured twice during t» 
conroeutive 3-hour collection, of urine with one 
Mmple taken betiveen the collections. The serum 
urine creatinine were mea.ured on the Auto-Aiutw' 
wing a modificmion of the Mandard Technical rortM* 
duplicate e.iimate* of creatinine clearance • 
.how-ed good agreement. The rcaulti. given a. them.- 
orthe two value, corrected to a Mirface area of I -fir: 
ine extent to which the urine could be concentrate' 
dunnga period of fluid dcprivMion wu mea.ureJ f 
weighing tucortsivt samples of urine In • spevi? 
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A<« Iftanl 5 7 * O •» p ■ n 100 • 4 o q „ ' ■ ^—>—. J 

Fie l ' O0 '<»* 0 l«p 

--- », 

o—o—o WCw<,_,l* **V*rmCeuJa-0-i,^ 


• • * • 

I P3rrt J bottle »nd recording the lime taken •« . j.: 
•prctlic gravity of 1022 ll .1^' 

22£*S1S s 

collect me urine for .boo,. 2 hS^"* 

•"•"""him chloride / - *• X|u rf » c * Wi (tq. m.)\ 

ntmwm' t nl^ n j n <enl *«‘*w S^fcwir uiin< ,wi 

“sirwra- £ 

ammonia was estimated K* .*V'' * ,,a,> ' i,I ■ Urinary 
'* Phcnol-hy^S* ^mX"* d, " C, ' y ,c Mrln * 
Mom and Souire moms *5? 1, " dflcr, l’ed by 
(Minuted urine the met k!2’-r T? r *l* ble •ctdity wat 
„ drw^vL-is.J method of Henderson and Palm,, 

aNrT **equivalcnia «r _ ' e,uh * expressed at 

*173 sq^ TV Ml rf.E ™ d ,# * «■*«■ 

ni "®w range pll jndi”itr w . a ! mc «u'«l with 

P'rtofnphy percutaneous r™!7h7,., Aflff in,r * v «*«»t 
{*•*(oral ana^Sa^r" “"W "** performed 
^ *1>ite (I90J) » ,hf ,nc,hod <l«crilKd l 

£*«•» sa line, icci ioried .TIT™ T* f,,Icd ,n >«% * 

*®»w’s method and with h> **’ “*** ?. ,a,ncd by Von , 

y AS. and Weipert’s elastic < 


. Result* 

‘•‘^Ksa-ssrars-.is 


* or reducing substances The 

* £"“**•« ‘"veatiKaties, are^Ln i^-.^ m 

* Crcstmlne clearance was normally T,b,r * ,L 

,ol “ lf '"C«e2. WiUSfcS 

S ^^HTi!a Urme '•'Menorily. TV muJ^LZ 
wahu e » fc>#d <CM W ** ab ™*™J in alh STalZ 

: Sl^^SL’Sr .^i **■ >* 

: S ^ 

R*w»l biopsy was performed fat Cases I 2. and t 
TV rpeemens from Case 1 ,7 - * 

£-"?■ and contained iT^J. ~ 
Showed slightly increased crlhilarity and »|,Zh! 

fi™** ^ Ccnlf,,obuljir fibrillary material CaS. 
Vat ton was present in — ■ . list 

TrtJBTSrSfe riSs^L 

specimens from Case 2 consisted of 3 \„ ^ 

contained 37 glomcruli.^ZS 

«W sclerosed, and several LT «‘«t»eru | | 

Prosed. In sever^.Z^S? 

nsoder,,, amount of cndSS^*^***. * 

with hiss of capillary spaces a~t P rohf ‘‘™>°*. 

£rz?z ki !!: n r rw *" 

but none in tV tubules or glomeruli f^ 

Zsrz2r c ^ ncn * from ^ 5 consisted rri amri 
and medulla, and contained 18 glomeruli 
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ron * Davit 1 - 

* »ubulcs, one In »h- *5. Ma, 1M<4 „ ^ ()H ^ 

ininlla /n: _ ®t COrlnr j 


i IK- . u . • -•* — ».rit 

t *"* lubulcs, one In >i.. 

•""■““a dV 5). *nd one | 0 the 

< 

:j W. . D, *«i**Ion 

j from v>Umfa n i^fo*J* ,ntid 'red to be tu/Tcring 

malabsorption 0r oTrenel fail,7 ha< *. ^'dcnce of 

, rcdu7*" "^normal cxcretio/of ndu,a * 
reducing sub stance* to,. * min ® «cids or 
Heated with Um^ rJ. thc urin «- They I 

action 1^3 1°*” ° r viu **du D .JT 

* *»«* < "A teL, 

w adjusted to that at fa, . dwc ° r vitamin D3 i 

*«ta. >££,%£" 5? ^ lOmT/lJo^/ ‘ 

of £7Zm te "K"hcST^S*« 

“Sag?s-?a S 

•«o 

C’tSS.'SS' ?" St ?T f « 

' s *?sS.!SSb3«S 5 

- X S 5 jg 3 

*£l27i i <•”< 

wer lop . a> ' ha d • urinary calcium r anw . cc » dontii 

as 


jmjwsg At” 

bring calcium accretion fie " KC ° f norm *l 24-hour uri«*‘ 

i 3 “!££££« M * t "*■ «* 

• - 

rs TV “"'"'‘"-Aw 

g giiS'SrSSMM: J 

Mv ob » ai "«« by C‘ !°"? parcd wi,h «*wr / 

f warai'a-jW^ayBs I 

c El n *l blonty in 2 of thct^Zy* ln OUr P a '^ nf *- / j 
* 'cw deposits of calcium Pf‘ ,em * ahows only a / 

I ° ,n •» "voided^ ,Z?7 crore if byper- / | 

» £J 5 - P! " icn,, <• cood rw rur V fe ^ ^ 

da J mac< ‘- CrcaTWnc ^ Pa,lcn * h** aeven- I I 
balA and she is unable M c1t . a . r .i nce reduced hr f 
factorily after an ammonium" 0 !!! fy . ,he ur,nc »aiiv | •« 
^ncy biopsy ,pec7^ iU h T,, C h'°^c load. I„ ,he I i 

l AlZZ h n r ° alC{n0t,t K vn I ■! 

( 934) tvho found ihaMhouph^k 0 " * nd ®af-«cnu,*» • 

dominantly Involved/ J£f ,'/** «•*»«« w«, ptr- I / 
<l''aricrof thecau-s ,h^lT c * ,,i Hcr « affcaeJ in j / J. 
c^arproliferatioi Ck>m b °'| h h . > '* ,in, " l '“" I 

" ,W »»«» reported t / * 

" ”ypcrcalcaenii. due t.. J /: 


*»** i 


•«,. 1 ‘ * -«r~y v ., 
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r '° '' ** WA “" S ! n ‘"‘>•*•*«'Wti fi'IcHmin,k*mtAuttm. (I '~,Ko,*xU) m tv 

ilcmtruU unth ilighify i iurej u J ctilularity. {PAS. X 71.) ' *' Thru 


%rou»Sco(it (T-pstcin, Freedman, and Levitin, 
and in idiopathic hypcrcalcr.cmia of infa-icy 
-owe el t 1954; Dawson, Craig, and Percra, 1?54), 
«e therefore conclude that thc C lonierular damage in 
'* patient h a consequence of the repeated 
•Pisodcs of hypercatcaemia. The decree of r.lomer- 
»ur involvement appears to W out of proportion 
° 'he amount of calcium in the specimen. How- 
f ' cr * " has bfen shown that calcium is removed 
IOfn ^ c P°*it‘ in the Kidney when the scrum 


calcium returns to normal (Kent rt ml., 1958) 
Thu may well have occurred in this patient in 
tbryears since her last episode of hypcrcalcacmia. 

i l-. j° ne ,,u<,y of rcna) function and histolocr 
in ch.ldren with vitamin D refractory rickets 
treated with lar C e dose, of vitamin D ha. ££ 

,963) - 14 *«*«>«» "W 
studied, 13 of whom were found to have normal 
renal function. In 10 patients renal biopsy was 
performed and histology was normal in 8. One 


'ii 

» 

jj 

»» 

»< 

; 

•j 

i? 

it 

ii 

ii 

}f 


i 

•9 


I 


« % 


* # <•« 

> % 


'T? 


} 







• * 


- ~T 


Moncricffand Chance 


r A» • \\ -* • *• «, » ,*% !• • , • ^ v* .» t.% #, « • •• •• • • 

k A ?\ Asyz-rVit*.:-': >V • *£*.\ 'v 

... '.*££* . v • '■>. : ; 

“ 11 . . _•;« . ; 



E567 


patient with normal renal function h«/t . * 

Sh5 , jf fch «.«-«--«• below ,0 5 mg. 
had *elero\ed rlomc? *!*■ 1,3 * function wa, impaired studied by Nier -P °* Sl '' , f' Rcn:l1 histology was al>*> 
nudull •n,S 7 " u ' «'cium deposit, in the vhamin D £ n " ° ' < ,962 > *" * P*™* ^,h 
Uged cniJrr,^; ha f prcv * ou ‘ , y had . pfo . D ,nd 7 were 7 " ckm ,rca,cd with vitamia 
Mitfered front chm/i/ rCa ^ aCm ' a " nd in !,f,<, ''ion kidney, Unfor. B<> ,0 . have ^hnum deposits in the 
r^Knu ,^ ad d ‘ r ""’ C ,.Pf Nephritis. All these funak ^ was net 

ntonit-tred by freon/ "“’V ** 1 D 'her.ipy carefully had not riser aKo^ * CVcl * n ‘b 0 ** P 81 * 1 ’ 0 '* 

by frequent estimation, of the serum and n^f 2 ! mB /,0 ° ***» 

N^s°n (1945) found decreasing glomcniLts 
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lh« urinary calcium accretion between plus and 
mjnu* 3 standard deviations from the mean urinary 
calcium accretion (Knapp, 1947). Stamp e, J 
(1964), m 52 patients, tried to maintain the scrum 
calcium below 12 mg./IOO ml., and found it was 
impossible to prevent the recurrence of deformities 
w- ' CMore * ,2°"^ erosnh pattern. Pierce, 
Wallace, and Herndon (1964) believed that the 
senim calcium level was the most important 
criterion of impending toxicity, and regarded a 
11 «r over as an indication for 

withdrawal of vitamin D therapy. A rigorous 

P r S f‘7 ,me ° f *P*' n,in 6 wa * recommended to 
check the progression of deformities before pubertv 
Fraser and Salter (1958) and Paunier ei at. (1968) 
recommended that the level of serum calcium should 
be kept below 10,5 mg./IOO ml. but found that 
growth was not alr/ays in the normal range, nor 
was complete 'biochemical cure* obtained. 

■TTtcrapy in our children hat not been as successful 
as in those described by Paunier et at. (1968), and 
even mild hypercakacmia for only a few months 
in Case 1 has caused early ncphrocalcinosit. We 
have therefore reviewed the control of therapy in 
our patients to see how ncphrocalcinosit can be 
avoided. W. think that therapy should be con¬ 
trolled by frequent measurements of the sc ruin 
calcium level which should be kept below 10 mg./ 

JSTt" hr , *P°“ ,bk - iltough a serum calcium 
level between 10 and 11 mg./IOO ml. may not be 
toxic, by aiming for a lower level the serum calcium * 

£ld" Un 'lf C,y lo r j“ ,bove 11 M8-/100 ml. 
should overdosage with vitamin D occur. If 

ypercalcaeinia docs occur, simple .cessation of 
vitamin D therapy alone may be inadequate, and 
cortisone should be administered as this hat been 
shown to cause a rapid reduction of the serum 
alcium in vitamin D intoxication (Winltcrg and 
ZettersirOm, 1956). In view of the lack of 
bc,wccn ,,w urinary calcium excretion 
and the development of ncphrocalcinosit, xvc do not 
Hunk that control of therapy should be based on the 
urinanr calcium excretion. We think that neither 
healing nor 'biochemical 
' the aim of treatment, and prefer 

* CrUm ,lkaline Phosphatase between 20 
kA . uni “\ Dc ‘P' lc *hese criteria, it appears 
•hat growth may be in the normal range with early 
diagnosis and treatment. Ncphrocalcinosit is in¬ 
sidious in onset, and repeated renal biopsy is not 
practical as a meant of detection. However 
measurement of glomerular filtration rate every 
6 mouths appear, to be a practicable Investigation, a 
fur ■ 1 ,: omcrul *r filtration rate being an indication 
•or a careful review of renal function and therapy. 
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Summary 

i„ T5fM d,nCCr f ,0xic cfTectt « v * , *mltt D the. 
m children with vitamin D refractory HcUi ' 

been investigated by assessing renal function*"* 
4 patients and renal histology in 3 of these rJZ. ~ 
»’ho have been treated for many years wiih £ 
oscs of vitamin D and wltose growth has h»** 
within the normal range. All the patients Ok*!? 
Impaired ammonia excreiion during an acidk^ 
test. Other renal function tests were normal'!" 
3 patients, 2 or whom had a few calcium dcp££ * 
the kidneys. One patient showed deArthe L 
pairnicnt of renal function, and renal 

t f ha. M .h d ,ha ‘ l,,lr ,hc SiomeruU were sclerosed,^’ 
hat there were numerous deposits of clchm, J 

h/d « therapy |„ , hi , 

had been difficult, and 30% of monthly 
ralcium measurements were over 11 mg./IOO *• 
ThcFe was no_correlat ion between urinary cilcio^ 
rcnal damage. We conclude tint' 
b iochemical cu re _and complete radiological hralfc* 
should not be the aim of treatment in vilamiiil) 

h*?*’ *" d ‘ h *‘ ,hefapjr *houtd hr 
controlled by frequent estimations of the senu- 
cal dum which shou ld b e kept below 10 m t.flSFiT 

O ini,i . ,ny un<fc » »he care of Profcw.- 

O. H. Woltf, and we with to thank him fat allouuia u. 
j? !*** i ke earlj information. We wish to thank Dr? \ 

«r k*/°j * dnOC wuh renal function tests, and the niff 
of his depstiment for performing the biochemical 
measurements, Dr. A. 1 17 Cameron for reporting «c 
the rcnal biopsy specimens, Professor D. V.Hubb* U* 
his encouragement, and Dr. D. Fraser for allowing uim 
see the manuscript of his paper before pubBcK 
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In Vitro Studies or Vitamin D-Imluced Aortic Calcification* (31148) 
RroBKN Ekenstein, Hellkn Ellis, and Jacqueline Rosato 

0/ Falie, 'tJ. rrnbyt'Tkm.St. InkeS Ckk.f, IBinot, WM 


The arterial calcification induced by the 
administration of large doses of vitamin D 
has been known and studied for many years. 
In the course of these studies, a great deal of 
morphological, histochemical, and biochemi¬ 
cal data have accumulated which have been 
largely descriptive in nature (1-4). More re¬ 
cently, as new data have accumulated on the 
metabolism of Vitamin D and its mode of 
action, Die manner in which this vitamin cx- 
erts its effects on osseous and calcium meta¬ 
bolism has been greatly clarified (S, 6). But 
with regard to the arterial calcification in¬ 
duced by hypervitaminosis D, two central 
problems remain. The first is whether the 
vitamin cr one of its metabolites exerts a 
direct effect on the artery or whether the 
calcification is entirely a consequence of sec¬ 
ondary changes in the composition of the 
extracellular fluids. The second is what fac¬ 
tors are rcsjwnsible for the peculiar and pre¬ 
dictable distribution of arterial disease which 
hypervitaminosis D has in common with 
many other arteriopathies including human 
atherosclerosis (2). One approach to the 
study of this problem might be to assess the 
effects of sera of various compositions on ar¬ 
terial segments in vitro, isolated from general 
body metabolism. We lierc rc|wrt the results 
of such a study which disclosed that the 
serum levels of calcium and vitamin D are 
both important determinants of the accumu¬ 
lation of calcium by such arteries and that 
the susceptibility of different arterial seg¬ 
ments to calcification in vitr, juralMed their 
susceptibility in vivo to some extent. 

J latcriah and Mr! Ms. Two hundred g 
male Sprague-Dawley rats were used in all 
experiments except those involving rachitic 


* Su|>|M>rlr(t In part by (wants (turn (lie U. S. 
1‘ul.lk llt-allb Srtvkc (IIK-0C7IS) and the Olho S. 
A. Sprague foundation. 
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animals. Sera were obtained by aortic punc¬ 
ture from animals lightly anesthetized with 
ether. Hyjxrrvitaminosis D was produced by 
injecting 200,000 units of Vitamin D, intra- 
peril ioncally three times weekly for 3 weeks. 
These rats, which were hypcrcalcemic and 
had extensive aortic calcification were the 
source of hypbrvitaminotic scrum. Rachitic 
ra * scrum was obtained from 75 g male rats 
maintained . for 3 weeks on Stccnbock’s 
raclntogenic diet no. 2 (7). Control sera for 
these experiments were from pair-fed animals 
of comparable weight on a stock diet Two 
types of experimental systems were used. The 
first was an organ culture method in which 
2-mm thick rings of thoracic aortas of rats 
were dissected free of surrounding connective 
tissue and placed on strips of cellulose ace¬ 
tate surgical burn dressing overlying metal 
rafts in Falcon organ culture dishes contain¬ 
ing 2.2 m of a nutrient medium consisting of 
40% rat serum and 60% NCTC 109 tissue 
culture medium supplemented with 1000 
units of penicillin and 1000 units of strepto- 
mycin/mi. The serum was from normal rats 
or rats with hypervitaminosis D. The cultures 
were refed three times weekly and were 
maintained at 37* in an atmosphere of 95% 

Oj and 5% CO,,. After I week in culture, 
some rings were fixed in formalin, embedded 
m paraffin, and sections were stained with 
hematoxylin and cosin or the von Fossa re¬ 
agent. Others were dried to constant weight 
at 104*, weighed, and ashed in sulfuric acid. 
Calcium was measured with an atomic ab¬ 
sorption spectrophotometer and phosphate by 
the method of Fiske and Sublia Rcw (*). 

Since it soon l»ccame apparent that simple 
incubation of arterjes in serum yielded results 
essentially similar to those obtained with 
organ culture, the method of Marlin rl ol. 

(9) was used for most of the experiments. In 
this technique, segments of aortic arch 
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,h ZT, ' ,0r ^' ° f a,,l,om 'nnl n«'rta were dis- 
fftlci] free of surrounding connective (issue 

*7 ,,C, l ^ 0 ? ml of scrum/mg 0 f 

riL^'vf* liss «- The scrum JaJLS 

1000 units of penicillin and 1000 ,mit/of 
slrrptomycin/ml. The tubes i„ whirl, (he ex 
prrimrntwas done were gassed wi,h 95% 

fai>pw, « *" d '^“baled at 37\ 
filler I he test period was complete the ar¬ 
teries were removed and chemical ami histol 

cal to that used for the organ cultures. 

Organ cullurrs. With this tcchni- 
q„c the aortas apjiearrd to be histologically 
viable, although small areas of focal JEJ 
were found even in control specimens, parlic- 
ulaily al the sites of intercostal artery origin. 
Calcification was unrommon in control 
cimenj cultured in medium supplement 

ir^'nwdh"'^ Ml r U,n - In s '* cimcns cultured 
Zrf h V u l'l’ ,< ™‘ n, «> with the serum of 
rats with hypcrvitnminosis D, calcification 

con S troU f ° r T ,y mUCh more " lcnsivc l>»« in 
controls and occurred mostly in elastic tissue 

».«r in „<lj, cj s ,J„“ l ' ni 'S 

nils which were necrotic. Calcification was 

not observed in viable areas of the explaTT J 

There was no significant proliferative cellular ' 

espouse to these calcified areas which were ‘ 

largely in the media, often near the adventiti- S 

o " ,d /’f r ' kH,ar, y advanced at sites 1 

of branching of intercostal arteries. This k>- s 
call rat ion was perhaps related to the injurv r ' 
prouucM by the trauma of disJch„g J £ 1 
surrounding periadvcntitial connective lj£ - c 
tiring prejLiration. In beeping with Uie his- 11 
tologieal observations, chemical measurement 
Jowed that there was much more calc^m *" 

Srmn fro ” a,n,alni .‘ d J n "**“"» containing ” 
^rum from rats with hypervi.aminosis D “ 

than in control cultures (Hg ]) se 

Srrnrn incubations. In the* preparations 
histological study indicated that by the sec- — 

and nl7 ?! I ! nC "'' ation * nccros!s begun 
nd after 72 hr was virtually comj.lcte. When ju 

tuned study of calcium accumulation was So 

funml r' gTC1,CSt incrvmcnt of calcium ac- ~ 
cumulation occurred between 48 and 72 1* , 

Jter incubation was licgun if normal rat ?’ 

tteiTJu 15 !? - In W* wl,h «hc olmcna- * 

lions of Martin el a). (9), calcification was • 
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CALC,VM t ^ TAKE RY THORACIC AORTA 
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• 2 345678910 11 
•> DAYS IN CULTURE 

| Tk. I. arteries maintained in ore* a rullure far 
| supplemented with aerum from raU with 

ypervilaniinoiis D accumulate more calcium thaa 

‘ n mfd “" n «*h *"• 

£“*7 rCStrk i tcd 10 Mastic Ussue lamellae 
when the vessels were studied histologically. 
Arteries incubated in serum from Stic 
rats accumulated less calcium and phosphate 
than those incubated in control sera. Table I 
shows the results of Oils experiment. Except 
for expend, s using rachitic serum, the re- 
suits depicted in each Tables I-JV were 

T Z^ l n thrce retreated experiments. 
The 1*0, values varied similarly to those of 
ttkium. When scrun, from normal rats and 
Ihose with hypervitaminosls D were com¬ 
pared, h was found that if incubation was 
performed in serum from hypcrvitaminolic 
rats there was greater accumulation of both 
odeum and phosphate than with control 
scrum (Table II). 

__ ' TA1ILE !• 

Scrum Ke. of Mmjile, hlcoa* BD‘ 

"j *00037 

4 0 0005 0.0023 


. mor,a * ot "•ratal rat. wer. Incubated 

la serum for 73 hours. The, accumulated u.oro ea»- 
eiuw from normal thou from rschiUe serum. 

( W B «f Ca/mg 0 f dry wt). 

* Standard deviation. 
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Srnua 
Normal 

H.V|icrr»| am | wo> | t D 


TAHLK II.- 
•ani)> 1 «a 


aortic cat.riricATiow 


Mm* 

0.001 T 
0.0073 


,'X.l" r, " CT ’ *"* I**** *< toA 

•<'"h«T«rr ,n **»«*. 

.he JL”* <“2 


^st========s 

SK^»t 5 ?r^ 

'-SXStS&Z s* ~ * onie 


'® f < V*»* of «, 7 w t) . * r «h accumulated the most 3, i aortic 

J• raa saas-f S? 

H?SSHS 

o’so did not tnm« u ..... .* 100 ni1 Wotted drv. .... * wa * <h «n 


Jf* -rum coSrLV 5 

» - -T5*?Z SfJSt 

:rf ‘ h 


blotted dnr ^hJ 2 f — ‘ben 

ST2; iffiWi’iL-«* - 

»' ctallc lb», K ,•„ .h^SL^LJ* *"""'“ 

ar- —»s 


»=«SS» *v- 

thnn those Incubated in control^^rS* m?' 'f* con, P° s} ‘»«n of the sen' m iTH'm 

sws«b=.-8« SSS’SSk 

—-— -- lit • 


Sjtu'h -f NnO + rkohvlerol 

+ C« + rknloirroi 

+ l» + X«C1 

__ + C* + VM. U 


No. ,f 
sample* 


M —* 80* 

•••014 o.oo* 
®-®0I3 0.0010 

6.0007 0.0003 

®-00t* 0.0003 


Na. of 
•ampin 


M«i«* 

0.0013 

0.0053 

0-0051 

0.0035 


0.0007 

0.0008 

0.001 

0.0007 


, , .-'—■ — '••■vs* p.iKins m . 

A. Awrii.rti |hp —' -- * P00<» 0.00Q7 

flic *M*ruimil;ili«»M 0 f i , n of \ ifniwlii |) or fM Lt... nig**.* \ 

i'»*l Vjt.imiii D 1 1 ’ V ,l,or:,r,t «lx a || M .|iti n , | . “ M ' rMm ,,IJ laflufare 

. . . 
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TAI1I/B IV.* 


Kniwul 

Arrli 

Tfconrif 

AImIvmIimI 


Cotrium srrMmulali«M 

X*. «f uwj'lr* >lrnn* 
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Ebilia (%) 
J *f Mmj.l.-a Mnu* 


O.JKHM 
0.0001 . 
noons 


• Tfcr niumiul »f nrfun.uhlinu l.r <tiff,r«,| .irlcriil 

rlanlin lift contain. 

* (mg of G-i/aig «.f dry wl). 

'RUndard itrvLuioa. ' 


•CRiMCUln |Kirallrl« tin- amount of 


iiuhicnl by Vitamin D and a direct local 
Adion of the vitamin itself are Synergistic in 
contributing *° development of the lesion. 
There arc, however, several qualifying 
points which detract from the strength of the 
data presented here. The first is the nature of 
the oijcrimcntal system used. In it, whether 
si in j >le serum incubation or an organ culture 
syslm was used, calcification was virtually 
restricted to areas «.f necrosis and even here 
was found restricted to elastic tissue fibers. 
In addition, even in the organ cultures, the 
distribution of calcification was primarily io 
the deep media in contrast to what is s-m »» 
t’/Jo, where calcification usually begins in the 
inner clastic lammclne in major arteries (2). 
Even in vivo, however, calcification of viable 
smooth muscle cells is ao uncommon event in 
the arteries which calcify under the influ- 
cenre of Vitamin D and elastic fibers are the 
first elective site of calcification (3). The 
differences in the muial pattern of calcifica¬ 
tion in vho and in vitro are perliaps related 
to hemodynamic faciors. Since the rat aoru 
contains no vasa vasora (11), lu nutrition is • 
derived from tlie luminal surface in an intact 
animal. In our systems, there was no flow or 
pressure and the nutrition of the tissue was 
•»y diffusion from all its surfaces. The adven¬ 
titial trauma |irodurrd during dissection may 
also have contributed to the localization of 
the disease. 

The observation that serum from hypervi- 
taminotic animals or normal sera enriched 
with both vitamin D and calcium induced 
increased accumulation by the arteries as ear- , 
y as AS hr after incubation was liegun sug¬ 
gests that this was a true metabolic effect j 


rather than something more norsprrific be¬ 
cause necrosis was not yet advanced at this 
time. 

The dosages of vitamin D added to the 
serum, ia these experiments was massive, and 
tt might be argued that they are loo far 
beyond the physiological range to be mean¬ 
ingful. However, ibis siudy was not designed 
to investigate the normal action of vitamin D 
but its toxic effects. It is more pertinent to 
point out that it has now been established 
that Vitamin D is normally converted in the 
body to 25-hydrocholecaldferol, ■ a ' com¬ 
pound which has now been isolated and 
shown to be much more metabolically active 
than vitamin D itself in vivo (5) as well as 
in studies of organ cultures of bones (6). If 
it were used in a system such as this one, it 
might be possible to demonstrate an effect on 
arteries in lower dosage, and perhaps even 
without tl ? addition of excess calcium to the 


serum. 

In vitro, the an cries exhibited much the 
same sequence of calcification as they do in 
vivo, where calcification begins in the sonic 
arch and then spreads centrifugal!)- (2). As 
expected, si . - e the calcification was localized 
in the clastic tissue, the amount of elastic 
tissue in the artery paralleled the amount of 
calrium accumulation. The segmental dis¬ 
tribution of man)- arterial diseases has often 
been considered to be related to local he¬ 
modynamic differences (II). These data, as 
do some others in the literature in studies of 
other arterial diseases (11) suggest that part 
of the hemodynamic effects on the distribu¬ 
tion of arterial diseases are not primary, but 
are related to the morphological modifications 
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ao«tic CALcincAnop 

SHS-SHS- 0 -■” *— 

(Icvclons moil . ,,ssue 


dcVcIoiM m^i Vn, • , . f, * S,,e **S»W 

OCX CIO,M nmi entensivcly in areas of pulsa- 

'J frC h ,x l*rimcnUl diUhdi. 
c.mnr, that pulsatile flow through tubes in- 
sorted under rat skins can induce alignment 

2*22-!? COnnfc,ive ,J “«* olemcnis into 
mnniu" ^! s, ruclurc having some of the 
I <> ogical organization of an artery (12) 
Summary. Arte/ial segments Incubated 

with h^«?. m : C0 "- a,nin * * rUm ,rwn rata 

calcium^ihan ,am,n0, ' S D * ccum, date more 
calcium than segments incubated in a system 

SnT 8 "'T' Scrum - 11 such "rtcrial 
segments are incubated in serum, they ac- 

cumulate more calcium from normal serum 

from ' lu'\rr 3nd "™ ft- scrum 
om rats with hypervitaminosi* than from 

.normal serum. Addition of either vitamin D 

result -n" 1 a0n * !° ' ,0rmaI Mrum does net 
result in excess calcium accumulation by ar- 

terics incu^ted in such serum, but addition 
of both does. Different aortic, segments ac¬ 
cumulate different amounts of calcium ai>- 

patently in ,elation to the projwtion of elastte 
tissue in the segments. clastic 
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'NCONVtNItNTS DC LA MftHODi 

J" fc ~ - mi 

*' ,e moulagc nc maintient nn ' h * malo,re - •>'*union; 
.plfltre cl la pcau pjj , f * UB conla « <?ir. .t cnlrc le 
* »e P«.re £r c ,rl "?>"«*"«« -"cil.aTce 
Icntcnl. D C „*„* 7 7 refai " '«""*«•* 

c,r u " contact dI roil c( permanent ’cnt/V'" 1 U, ' l> ,3che * 
,re « nrfcestairc pour * PC '' U cl fc P U * 

Nohj changeon, not P J 3 , f „ d^» ou ^ ^^. C l ,0 " , ,K ' ma,om «- 
cl syttdmniiqurmcnt au huiiitm. i ^ • ‘ tev,e,,ne 'il lichct, 

alort rctircr let Tilt cutan<t. Ce niw J ’ ?. on P 0 " 1 ™ 
jusqii a I'apparcillage dtffmitiL P * com,u ' ra wuvenl 
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lc cWn!r fi 7cn. h< kI "SSe""* «‘*»aboratl.>n entre 

ilK'titic. Cctducaicur*. lc, infirm*ret ct k pro- 

^TcaT'SrTE PO ° r » «*—* 

ou * -- P- 

pmhei 2 cat ^U^mTkVcn^anu * 3 f“ Mil . <ram P'*» a »ion da 
U‘> aillcurt. pour Wtion. traum•liq U Je^ ,a,Cn, a,np,, • 

* **» 

•emp, ct dc lc, apparcillcr ct !£**’**.**“ * 

r,<< J ue - «' Jc moulace, devront nVn’.« ° P “ 
Icmoo tout jaccntc ce qui tcrail nr^i./i " " ,ra,ncr »«*«»>• 
rcillase skfinilif. P J ,c,able pour lappa- 


peutioufs f »»,»„„ 7rr . T 

LCf _ ' ■ 


l 1 f , . MESCBU ’ n °N« A1USIVCS DC VTTAMINr „ 
oboullr A an* Inloxlcnlion carnriirt.i VITAMINS D l*a<iv»al 

anoretic, nauvTrt, vomiitomont. con tr0, ' ,,,r * digest If, : 

•rouble, nrrvcnx : tristc,*. KaSS?*^ f "'*• par *» 
feta, central nvee ama( cr / IMOTro , i A ** ^ “■* a '‘«ir»t« dc 
J2S ing/1, lliypcrazotcnde; avee ou <k ' p ff Mnt 

la proteinuric avri hvnel^iJl 7 ‘ do,e , J'J'PcreMorf. 
went lc tjndrrunc biolo-mne. TVs Ia!"^ .**, for- 

Irrcvcrtiblr, jKmvcnt conduire i U '*T“ n ' naU ‘* 0,1 ‘drcl.rale» 

regime pauvre cn cjclJn‘ e i > ^ S 7lL!^r! ,,port vi ‘ a "«W. un 
.!«.»lvc dc mLSTd nnrT e °! h ” a ? C . U ,W5orip - 
tin Irailant, malt dc la FV °"’? un ,e fail <>«* mede- 

.m’.fodiflln** zrd'Liz: ,ct Jr i en 

• "'ecwvivcmcnt ct r.„| nc « 1.^ “" cou'uh* 

anlcricirrct. Lc, contrc mdicalio.i dc hTTlJaf* n <W> "" ;,,V ^ 
nomhrcuic*. Llln <ont '•tauilnc 13 nont pcit 

nffrcliont avee bypcrcalccnJT^TT ’71 n^* «c.ptionnf!)« 
pnralyrf, ou tulvalTui^ «*« enfant, 

olricrvcr un tvrJroinc dr 1 * C >CI 0>'l on peut 

ot J'jpcrcalciiiric. Chn let enfant ‘^!!T * V *J C l Krc;, Wml« 
rac hititmc WtnmlnooStant. ‘S/Sf * ' 

<J un c potolftL'ic |n<uffi<anir X 1X11 T” f n p,,l '' r f-’cilcmcnt 
^t ^oucoVrs 3 T ^'Olosic.odour (A. I|„. 

!*>», (|u'tinc pntidogli! dc 400 1 S00 Rap J* e - 

•ildr.o Kni( forme «lc routtr. r^iVL *7 ,Klr *°" r ‘ 
bn «l« troidt-mc r.mit dc L J? AlJd ( S M, “ M * WC i,,VI "’* '* 
lout let quatre a tie lno J ( ,i A “ T 00 , pfu * P«»crir« 
ffrarmne pour dc, raison, dc facilit U " 3 U ^ <le Jcu * »>M- 
•noi,. I« prescription, ,| c J„ m J p \ ft'* OU 
quement W , lc .Icier )n Wi,ol de rcrdLJi 


.1 Jniri 8 ° S “ ,NT " AVnNTO ^ - J>. 

dr, catln'ler, intravrineu/ Jai.Wi l!!!! 7 * v;,fcn ‘ 
vlngl lrn It |. M . r,. Celle caniOjealfan ? » 1 P **? ^ H 
lie raffection, le wb VM «. 1 ^/“* ° , . MOrv, 'e n"‘J‘ 'Jnaicnl 
**t rmljonciinn ( » # ** Ope *Io cuIIkCit id cause 

A H t! «'"* 'Hnpntkiue aiKIc*. f uUlc .k- sc^ 

... oZ-ZZ.; .>c 

a. I> 3531 O ' H’lliMiiv, Audi I'ttitl, »j. 


» sirKrt sSd 1 ^c^l^ - pbc. pin, * 

f* * interdiction de poser ,auf , |° U 'i ca, * H -‘ ,cr * u, P«t ct 

Jj rwcntlrfc* Inf^rimin. * ab«duc, ua catheter eux 

mSSSFTg «*“ CALOM* 

"wnt correct. A. I. Skauah i pa< * 4 

venue idlcricu/rmcnt Sa nrendT* Jc, | ,, 1 aHW P ,i ‘ ;a ' i «»* Nr- 

•“5*- ^ J'« cldoramphenJco, ^ ^ «*• 

alT.-ition de votes ic»niraloinmL Fit .J® 01 P°w one 

»ans toniplicalion, na r ee» -„n ° ava .^ ^ trallie. 

Au coun du (Icutivmc traitemLut k, " P ’ “f m ° i * a "P a «v»nt 
*>1 mil fin * I. therapcutlquc'Tnau' n’emivvi, « 

<fimc aiu'mie aplasti.iue Cche-et P»-cha pa, k nirvcnua 

. SiatAs 

JfSJl f C 

. »i cllc avail di-ji pri, erf Mr i | n , > i , £,^" ,!,,c - 9" "* P“* dfcouvrir 
uoc anemic apfa^TL /.J^, T' 3 ** «,««. ^ cot 
Apn’-t unc pn-rimn anmrnUe j 1,1 T®, aM 1 c * , J° Tam PWnleol. 

Wmic a.Se SfiSSS-S ^ * 

ctemple, nc sofeot na, almdunt^,. Bicn TO cca 

du cldoramplMiileol on cn .1/ I 1 de la lovicftl 

Turent I, rancun •d c mu 7 a , i ^:, ,,,, : i, «• cornpi^Uoo. 

I intense arils ite milol'nim A‘ 1 i< l" w •Oton.lairw & 

AWt. .".MullaL (v'Xcrt mir; c P ° Uf 1« 

p. Mlh l*orth«m medical, Septembre I909t «». 

■jKrgg y?; ” “ “ n>«us»«n.e u M r™. 

wnt «le nrttc a/T.ire e« llt L »«»- 

Hai.es. fail olJ™?,5* ?Tf >“*- 

Mild .run lalionluire la! T. * Pa ‘ ,lc bli,,,rr * a tvspoma- 
tknls .‘taitfH du, leideitM-id TIT, p ri " l, « «r cv, acci- j 

M'ieiftA- (Drug Trade Se^aSoJ^nmT ^ U 
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Klrrw. C S. (1961) (iingrrnr of Ihr hrrasr-a complication 

. yjsssavSBar.^sy' 

' * ^l ,fMON • J - Actual, 

L *'r' ,A * MototN. O.E. (4964) Chrnimlione nephropathy 

func,ion 

Mai iwvAun. O.. UoMaov, I. nr A Suriuun. C. (1966) 

tur ' r " uc •• «"*" «* “» tfailcmcm pa, . 
plumyt-inrUnc-dionr. Prrur MrJirrte. 74, 11454 . 

• Mai. otn, N. A VANina Vila. J.B. (1954) Seme drua 

'—<« 

“SSi i «—*► 

M ^, , S (,H4) **•**“»»* and paralytic ileus. lam. 

“ssj^js^sr ■» **“• 

' M .* Fnn hoi r, II. (1965) A*raau- 

** IhromSopfiue proiaqufct par la pindione. 
Nourrtlr rrtrr r r«rt/ir fManatyi, J, to) 

Momamio. S D. (1965) Scntitiviiy ,,, 0 ^ lo pfccaiadion. 

“* r»"cylopcnia. A-iri.* Africa/ • 

N ^"’| A<,,46) Fheaindionc and paralytic ileus. Lumen. 
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rlmisa’ J ntMkt sensitivity. Lmmrn. I. 117. 

rtaaiM, J. (19671.) I’hrnindHinc jaundice. Cancer. I. 175. 
PoarcaAiniAir Mmucai Sc no. a. or Unnw (i960) A care 
of,pulmonary hypertension. Brliith Atrdirut Jommmt. 1, 

" oT*tlJrt y t Zj kU °? AL fbuNe*. (1969) Report 

SSSTTe VtSEffr**"*— —"*33S. 

Atikm *** poproth romhi- 
^ •? P***") l indane-diooe tiudite 
CTpfrimc nta lrment ehei lc lapin: ton application chci 
1 nomine. Com.pir, rcmUi dr, aiWn dr h SmtUti dr 
hloloflr rl dr/ilialri. 141, 100. 

ST (Cd°b* i. l >^ ,) f* ^Mrudgmlnd Tkrrrpy. 

Inn^M^ ** ■ e Cr,n *'- '• ,M Mnraey A Blythe. 
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^faenrf lu'nM N,ph,#pj,h F duri "« P^nindione therapy. 

TAMta, A.R. A Kcat. E.C.B. (1966) Phenindione induced 
Memorrhacic ulcerative edit it. Brliith Afrdtrut Jrmrmmt. 

T d^mlindII^i 5) "V* "tort*lie due au 

phenyiindanedione. Bmltnlm, rt Atrmolrrt dr Id SorUlt 
Af/Jtralr dr, //ApV/a., dr Po rt,. 116,9. 

' V ’ n "' v ’ ,y lo Pfcrnludione: (Din- 

de‘ Report of two cate*. Atrd.fr! J^mut y AuvnPm. 

z r: ,i ;* ,AJ - c ‘°° w . ww * *»»«, p.w. <i 966 ) Bk«d- 

j2Sr£??J.nS! anticoatulanl therapy. Amrieon /fnm 


Hypcrvitaminosis D, anaemia and renal failure 

- *- Roger Gabriel a w 

MB MRfP nru * JOEKES 

Af di B : M A - ® M.. F.R.CP. 

Medicol Artlstra, Hy,Mon 0 *, Senior Lector* 

Institute 0 /Urology. St Philip's Hospital. St Peter's Hospitol Croup. London. W.C1 

% 

E. Orton 

B.M., B.Ch. 

Genera! Practitioner. 9> Harley Street. London. WA 


•Lfv ^ r ’°^ E fS ,,sh ’* dy referred in January 
1967 because of reduction in renal function. The 
only symptom disclosed was an invariable nocturia 
and daytime frequency of micturition every 2 lo 3 hr 
during the previous year. The past history included 
an 18 month history of variable anaemia of 7-10 
C/IOO ml (Tabic I), unexplained by barirm meals 
gastroscopy and laparotomy. Study of the bone 
marrow in June 1966 showed normal cellularily 
erythropoicsis was normoblastic with normal haemo- 
globtm/aiion; 10% of ihc while cell precursors ttert 


developing eosinophils. There had been no sustained 
response to iron, vitamin B„ or folic acid. 

On examination: no abnormality; BP 130/80 
height 3 ft 4 in (160 cm); weight 47 leg. 

Random and early morning urines were normal 
*ave for a specific gravity not exceeding 1010. 
Haemoglobin I S g/ioo ml; red blood count 3 | 
m/mm*; MCHC 30%; MCII 217 y.yo; MCV 
96 7 cu p; reticulocytes 3 5%; serum iron 105 m-J 100 
ml; total iron binding capacity 270 pg/100 ml; white 
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MoMu 
FM. I. 


blood count 8000/mm* with an cosinophilia of 
850/mm*. Plasma creatinine M mg/100 ml and 
24-hr creatinine clearance war <| ml/min. Two 
wct ^ 5 ihc initial hacnuitol si measurements 
the cosinophilia was absent and ma haemoglobin 
had risen to 9 4 g/100 ml with 0 8% reticulocytes. 

I VP. no anatomical abnormality of the renal tract. 
A percutaneous renal biopsy was performed: 
histology was compatible with either a focal and 
local glomerulonephritis with moderately severe 
nephron loss, or an interstitial nephritis with focal 
glomerular changes. Although positive serological 
evidence was absent, the combination of anaemia 
with rcticulocytosis, transient cosinophilia and focal 
glomerular changes was suggestive of a systemic 
sensitivity phenomenon. On this basis prednisolone 
20 mg/day was started. 

Investigations were repealed after two months of 
corticosteroid therapy. The patient fell unwell, had 
headaches and anorexia. The haemoglobin was un¬ 
changed, the plasma creatinine had risen to 2-4 mg/ 
100 ml and creatinine clearance fallen to 27 ml/min. 
Ampicillin (I g/day) was added to Hie regimen on 
the basis that the renal interstitial changes might 
represent a chronic intrarcnal infection. There was 
initially a short-lived improvement in well-being, 
but no change in renal function. Plasma calcium 
was 14-5 mg/100 ml, inorganic phosphate 3-6 mg/ 
100 ml with a total protein of 6 7 g/100 ml. Scrum 
alkaline phosphatase 5 2 KA units/100 ml. Urinary 
calcium 325 mg/day. (An ‘average’ diet was taken.) 

The patient was re-admitted in mid-May of Use 
same year for metabolic study. Renal function re¬ 
mained moderately severely impaired, plasma cal¬ 


cium was 12 8 mg/100 ml wkj a 24-hr urinary cal¬ 
cium excretion of 450-500 mg. Eventually the addi¬ 
tional history was obtained that for the prevaua 

inorvv^* ^ pa,ien, bad been regularly taking 
100^000 i.u. of vitamin I) daily, initially prescribed 
lor finger nail splitting. From 31 May 1967, vitamin 
D was withdrawn and the prednisolone tapered off. 

From being moderately unwell, the patient over a 
period of 2-3 weeks deteriorated markedly develop¬ 
ing an -hated depression, requiring psychiatric 
advice in in patient. Physical examination was 
negative, but as the plasma calcium at the time bad 
fallen to 11 -0 mg/100 ml, it was postulated Out the 
symptoms were related to the changing plasma 
calcium. Accordingly 90 g of calcium gluconate warn 
given intravenously. There was no change ia cow 
duion. The depression yielded to *-—prendae 
(Surmontil) over I month, during which the calcium 
fell to normal levels. Good health returned and wae 
maintained after withdrawal of the antidepressant. 
Thf haemoglobin is now 13-6 g/100 ml, r*umi 
creatinine 0-8 mg/100 ml. and creatinine clearance IS 
ml/min (May 1970), 

Discussion 

The chart demonstrates the biochemical and 1 
haemuiological improvement following withdrawal I 
of vitamin D. During the liypercalcacmia and hypar- 
calcuria the skeleton was radiological^ normal. 
Densitometry measurements by Dr F. Doyle uf 
Hammersmith Hospital of t ie distal 8 cm of the left 
and right ulna bones were 434 mg/cm* and 402 nw/ 
cm respectively. These figures arc close So the nor¬ 
mal mean for age (Doyle, 1961). There was there¬ 
fore no evidence of bone sclerosis, and the ratio of 
trabecular to cortical bone was normal. Absence of 
sclerotic or other bone changes after 7-6 yean of 
vitamin D consumption is surprisin g 
In some patients being investigated for renal 
disease Hie presence of calcium in needle bio my 
tissue of the kidneys has led to the diagnosis of a 
parathyroid adenoma (Evans A Zutshi, 1962; 
Jockct, 1963). In reviewing the tissue we obtained* 
'rom this patient, which included twenty-two 
glomeruli and 5 cm strips of medulla, we were im¬ 
pressed by the absence of any calcium deposits. , 
The severe renal functional impairment, to an- ( 
proximalcly one quarter ofnonn.il, recovered follow¬ 
ing withdrawal of the vitamin D and return of tly» | 
plasma calcium to normal. The glomerular and 
interstitial changes must presumably be interpreted 
as caused by either the hypercalcaemia or some other 
effect of hypervitaminosis D. 

The anaemia is of particular interest. With both 
acute and chronic renal failure a marked diminution 
In red cell mass occurs with shortening of the red 
cell survival time. Acute renoprivat anaemia 
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develops rapidly from the lime of ncplircciomy and 
does not appear lo be related lo Ihc severity of Ihc 
metabolic disturbance consequent tt( rm the renal 
failure. In chronic icnal failure, a clinically significant 
anaemia does not usually develop until the blood 
urea is persistently above 100 mg/ml or the creatinine 
clearance has fallen to less than 25 ml/min (Pryor ft 
Jockcs, 1969) although tltcre is no direct relation- 
*hip between Ihc degree of nitrogen retention arid 
the anaemia (Stewart, 1967). In the present ease lire 
serial blood ureas (Table I) demonstrate that the 
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It should be emphasized that the recovery of the 
haemoglobin concentration in our patient, followed 
withdrawal of the vitamin and occurred without any 
haematinict. 

Vitamin D intoxication may present as a ncuro- . 
psychiatric problem (Lehrer ft Levitt, I960) or 
menial depression may complicate a pre-existing • 
hypcrcalcncmia (Chaplin. Clark & Ropes, 1951) on 
withdrawal of ihc vitamin the mental abnormality 
usually resolves (Anderson, Cooper ft Naylor, 196*). 

In our patient there was no mental ill health until 
the vitamin was stopped and this was short lived. 


4 

a * • 

Date 

Haemoglobin 
(a/100 ml) 

Hlnod urea 
(mg/100 ml) 

• 

Jan 1964 

IM 


* - » 

Aug 1965 

9* 

— 


May 1964 

94 

50 

• 

Sept 1964 

7-4 

45 


Oct 1964 

14-0 

44 

. 

Jan 1967 

•4 

SO 

• 

May 1947 

12 

94 


Oct 1967 

11-0 

59 

*1 

June I9M 

154 

41 


anaemia is not dependent on Ihc severity pf the 
metabolic disturbance due to the renal involvement. 
It must be postulated that hypervitaminosis D is a 
direct or indirect cause of the anaemia, possibly 
acting by interfering with the renal production of 
some substance affecting crythropoiesis or red cell 
survival. Kcgicttably no observations were msdc of 
Use red cell mass or red cell survival time. There is no 
evidence from patients with primary hyperpara¬ 
thyroidism that hypcrcakacmia per se leads to an 
anaemia. We are unable to accept the view of Davies 
(I960) that with vitamin D poisoning *an anaemia 
invariably occurs and is associated with tire uraemia*. 
Scharfman ft Propp (1956) described four cases in 
which vitamin D intoxication presented with a 
normochromic, normocytic anaenva. One of these 
patients, whilst Mnacmic, had normal renal Auction 
and the anaemia resolved on withdrawal of lhc ( 
vitamin. Tltc fact that vitamin D causes an anaemia 
directly or indirectly in tltc presence of normal renal 
function is not demonstrated in the papers of vitamin 
D poisoning (Kaufman, fleck ft Wiseman, 1947; 
Howard ft Meyer, 1941). 
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<W n. Stickler. MD, Jenifer Jow^. DPU, 
Amhony J. Bianco, Jr, M.D. 
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, * f. . 

E v i DEN C e has been presented 1 that viu- 
• mm D m large do*cs fail* to. influence lira 
cour*c of familial hypophosphatcmic vitamin 
D-rcsistant tickets (FIIVDRR), a* far a* 
growth, degree of bowing of extremities, or 
hypophosphatemia is concerned. On the basis 
of tin* observation we score encouraged to 
discontinue vitamin D therapy in one of a 

FMVnnn7r ab '?' ,nonoz >S°"'c twin* with 
FHVDRR, the twin sister continued to take 
tin* medication. 

Tlii. rt'jiort draws that continuation of 
tbrrapy m the one twin not only fail e.1 IO 
diowjwiy bcijcfitbut was associated withTlra 
wurirmc of J»v-iidofr.ictnre*'and histokrafc* 
fjiange* «f enminn.-d rachitic’Velivily; ,h,°* 
J’hmomeaa were irat ^mtTin d,c twin 
whose treatment had Ira,a. discontinued. 

F.ew H f Xtaya CliaU an* AUyo FnumJmltom 
'fxilmrMti «/ PrdUhin OnhoptHitt. ’ 

Vol. 79. AV /, pp. ct.7t 


CASE REPORTS 

thiT’cToS" c5rt ‘ a,ike lR “PP^^nce and 
heir clinical cour*c* were identical (Fie. |) Our 

assumption ,ha, ,hcy were monoey^^ 

fun her supported by identical blood group, (1J 

subgroups). Their moiber. 3 bro.he^Tnd2 

DRR "* 1-, J VDRR - The diagnosis of FIIV- 
RR was made when the twins were 4 yean 
°f »Ce. At that lime they had bowing of their 
leg*, roentgenologic evidence of rickets, and 

See Editor's column, p. lfl|. 

hypophosphatemia. Vitamin D therapy was 
started at a dosage of 3i0,000 I.U. per week 
• d was gradually increased over an II %*ar 
jranod to 800,000 I.U. per week (Fi g . 1 ). Them 

rf f,,n " a,,jr rfcosni/H *■* 

Tlwra twins had Iraen the subject, of a previ- 
°u» study* of tile effect of an increased oral in. 
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loiiow-up 13 1110,nlu later. A and B. Twin 2 . 

I" 1 ' ° f . ««•?» «* phnvphoru, without high 
. D; ihc Mine metabolic variable, 
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Fi|>. 3. Twin 2 (treatment stopped). >4, Mineralised bone section from traliecular area stained 
by the Paragon method. (*35.) B, Microradiograph of mineralized section.'(aj0.) The bone 
surfaces are fully mineralised as demonstrated by lack of staining in the section itself and the 
relatively white, dense appearance in the microradiograph. Incomplete mineralization around 
some ostcocytes, which appear blurred, indicates a previous episode of rickets. 


no further therapy following corrective surgery 
and had not experienced any new symptoms 
when seen 1 year later. 

RESULTS 

No differences were observed between the 
twins in regard to subjective symptoms, 
height, or scrum calcium, phosphorus, and 
alkaline phosphatase values, cither during 
vitamin D therapy or after this therapy was 
discontinued in Twin 2. 

Roentgenograms at age 15)4 years showed 
no psctidofraclurcs in cither twin. However, 
with continuation of high doses of vitamin 
D in Twin 1, pscudofracturcs of the femur 
were noted fust at age IG/j years and again 
at age 17 years (Fig. 2). Twin 2 did not 
have pscudofracturcs. • 

Because of the marked femoral bowing, 
segmental femoral osteotomies were per¬ 
formed in both twins at the age of 17 years, 
and biopsy specimens of bone were obtained. 
In Twin 2 (treatment stopped) there was 
clear evidence of areas of low mineral den¬ 
sity around the oMeocylei, indicating a his¬ 
tory of rickets (Fig. 3), but there was no 
abnormal amount or thickness of osteoid tis¬ 
sue, suggesting that active lickc-ls was not 


present at the time of biopsy. This was in 
contrast to tire findings in Twin 1, who was 
receiving' vitamin D therapy; both the calci¬ 
fied sections and the microradiographs dem¬ 
onstrated clear evidence of an extensive long¬ 
term failure of calcification (Fig. 4). There 
were areas of low mineral density around 
ostcocytes, lack of calcification of the cement 
lines, and hrpad osteoid borders. There ap¬ 
peared to liavcjiccn some jicriods of improve¬ 
ment in the past, as indicated by the appear¬ 
ance >f normal bone covered by abnormal 
tissu . 

COMMENT 

\. e considered the possibility that the find¬ 
ing of roentgenologic and histologic evidence 
of rickets only in the twin whose therapy 
had been continued was an error due to 
mislabeling of specimen and roentgenograms. 
However, the mislabeling would have had to 
have occurred on 3 separate occasions (2 
loenlgenolngk: examinations and the biopsy) 
and is llicrcforc not likely. The fact that 
the previous com set of the 2 gil ls had been 
almost identical makes the assumption of a 
variation in the natural course of lire dis¬ 
ease unlikely. One is left with the possibility 
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that in one of the twins, vitamin D not only 
failed to improve the condition but sccminely 
worsened it 67 
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Toward better therapy for resistant rickets 


The observation of Stickler and as¬ 
sociates, recorded elsewhere in this issue, that 
administration of vitamin U in high dosage 
to a patient tvith resistant rickets was as* 
sociated with the continuing presence or wor¬ 
sening of the rachitic lesion has not been par¬ 
alleled in the experience of others. The au¬ 
thors olnerved that one of a pair of identical 
twins given COO,000 l.U. of vitamin D 
weekly developed pseudofraruircs and had 
histologic evidence of rickets in a bone biojisy 
while the other twin, receiving no vitamin D, 
hqd no evidence of these changes. As the 
authors state, such a paradoxical effect does 
nothing to increase one’s esteem for vitamin 
D as the sole agent for the treatment of this 
disci sc. ObsiudsSy the nsu.J elite; of sitamin 
D is to increase bone density and prevent 
further defonnity, but all who manage pa¬ 
tients with this disease arc aware of the 
hazards of its use and the limitations of its 
value in treatment. 

Fortunately, 2 recent dcvclojunents may 
go far to ease the way of the rickets therapist 
J»nd to improve the outlook for these pa¬ 
tients. About 15 years ago Fraser and .as¬ 
sociates’-* demonstrated that constant infu¬ 
sion of phosphate would heal either resistant 
or deprivational rickets without rccomsc to 
therapy with vitamin D. This observation 
was of great interest but had little practical 
value until it was shown*"* that administra¬ 
tion of a phosphate supplement orally would 
allow healing of rickets when vitamin D was 
given concurrently in doses in the range of 
2 j, 000 to 75,000 l.U. daily, a range which 
rarely icsults in intoxication. In 2 of the 
studies,*• * the effect of the oral phosphate 
has been dramatic in hraling long-standing, 
severe rickets and osteomalacia. Continuing 
the regimen of phosphate and vitamin D 


after the rickets have healed has been suc¬ 
cessful in preventing recurrences.* The result 
is much smoother management of the pa¬ 
tient; management with vitamin 1) alone 
frequently required such large doses that in¬ 
toxication occurred with healing of the tic¬ 
ket* and, as the dose was reduced, the tickets 
was reactivated with the risk of producing 
'further deformity. These 2 extremes can 
now be avoided. Long-term use of the com¬ 
bined phosphate-vitamin D regimen in our 
clinic has resulted in virtual disuppcmunce 
of rachitic defonnity in one patient who had 
very severe ri ckets as a small child. In ad- 

_ See r elated article, p. G8. 

ditian, recent ob;rr.-a?:cn: cur patient* 

treated over long periods of time (as yet un¬ 
published*) indicate that in some, accelera¬ 
tion of growth may be produced by combined 
therapy, providing a dose of vitamin D is 
given which is somewhat greater than that 
needed to heal or maintain the healing of 
the rachitic lesions, 'flic main disadvantage 
of the phosphate therapy is the frequency 
with which doses of the medication must be 
given. The optimal regimen is probably a 
dose 6 times daily but one often has to settle 
for 4 or 5 doses daily. No toxic side effects 
have been noted except for mild-to-modcratc 
diarrhea appearing in the first few day* after 
the therapy is started and disappearing de¬ 
spite continuing the regimen. 

The second development which may rev¬ 
olutionize therapy is a much more recent 
one and not as yet fully evaluated. It has 
been found by Blount and associates’ that 
the active metabolite of vitamin » is 25- 
hydroxycltolccnithcrol (25-HCC). In some 
if not all patient* with vitamin D-resistant 
tirkets, this metabolite it formed only in 

Vel. 79, Na. I, /,/». 191-193 
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^ ® 2 Editor's column 


hmtfed.cju.-Mititics or no. a. nil when vitamin 

, M fi ; vcn :* "T*""* •'« >>« been reined* 
•bat atln,..miration of this .nctabolitc over 
pc.iodi of one month ha* no effect on cal- 
Clnm or ,,ho*,,hate balance in patient* with 
D resistance, other,-- •• J lavc reported tha, i, 
doe, influence calcium metabolism and is ef. 
fccin-e m producing healing of the lesion*. 
n.csc report,*- •• indicate tha. it, duration of 
notion i, short a* compared to that of vita¬ 
min Dj. Discontinuing administration of the 
.••gen. cause, rapid revenion to a negative 
calcium balance and thus a therapeutic re«n- 
men employing the igcnt should be subject - 
to rajjul, fine adjustment* a* compared to the 
slow res^nse to change, i„ vitamin D do,, 
age. To*,city ,houhl therefore be avoidable 
or quickly reversible. Whether use of .hi, 
agent will promote growth in the* children 
nas not been determined. 

Clark D. I Veit, AI D. 
Cincinnati, Ohio 
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ASSOCIATION* Ilirrwi.p.x AORTIC STENOSIS 
AND FACIES OF SI ,;Hlj INFANTILE 
lIYPEKCALCAiMIA 

J. A. I (LACK 
M.IJ. Cantab* AJ.K.C.I*. 

srvtca ixcrvata in Cimr. ikalsh, insmuis or a>’u> 

R. E. Honi’am Camtir 
M.H. Canlth., I .K.C.I*. 

COMUITANT I'lnrilCIAH 

nit MosruAt ro» *ick ciiiliwln, ckmt oamond swat, 
London*, w.e.1 

T"r ,cv,rc foLm of infantile hypercalcemia, fir,, 
A-ambcd by Fa neon 1 ct .1. (|0 5 2), consist, in failure to 
thrive, mental retardation, a characteristic facie*, aid 
olu-n a comergent squint; a systolic murmur i* present 
in moat cases. J | M - hypcrealcarinia it usually severe and 
accompanied by , raised blood-urc, and other evidence 
°. mini damage. J'hc skull base is thickened and densely 

u . C i r ’ f ,i'jf?e.l h T.: ,rC , ?i, ‘ ,;l,r a,CU of dcn ' f <«*lcific.j,ir>n 

"r .V " • ..“•'*•) of Use Jonj; Uoi.es, siiu 

the epiphyses. 

In a review of this condition Schlcsingcr et al. f 1050 

5r«ca« d f? Ul ?'r i Uph <,C3,,, mirht octur car, y «hc 

d-’case from renal failure and hypertension, occasion:'!,- 
rena 1 function was pattly or sa holly restored. There has 
been no lnn C .,c,,n study of the results of infantile hsper- 
ricxmta, but M,tel,ell (1960) ha, shown that of thirteen 
children examined 3-6 years after the onset of the hyper- 
c-.r-arme phase, all but one were normal in height, 
matitaltty, and renal function; the one exception taas 
r ht >' t'-'tarded mentally at the age of 5’/,, but MitchJI 

rroinfncnf * «•»*•**. ‘P-nthfe foMs.td 
rromincnt upper l.p) was indicative of the severe type of 

iWlu m?' 3 * V'TV "‘ C ° thfr , ' vclve child '«> 'sere 

laTe ;,n , n, VC ' ? l or K m ^ n form rf hyper- 

ealertnia. Observation of our eatl) rase, of the severe 

m of infantile h.vpercalc.emia over the past few years 

hi shown that the systolic murmur, have become 

eharacKiist.c of aorfic stenosis, and that progressive 

rend impairment and hypertension are likely to appear 

tr n "!«V"| h , faC ' al a|, *' ,c2r; ' ncc «f *hcsc OSes a, 
f * j J dc y cl V<'. ld ,IJ i * -nahlcd us to recognise for the 
fit; "me the clinical pteture in five children aged 8 14 
^.H.rs echo at tended the heart clinic with aonic sjmoI.c 
m> rmurs. Retrospective assessment of their cailv e.*we- 

[;7 ;;,‘ hmv * , ln ,n >: ° r «».<• characteristic feu.,res of 
infantile l.yjvfrcalc.xinia. .. . ... . 


1 r^TVf "--'-T-' ,,cr birtliwciglil was 5 lb. 9 ox. (2 52 kr , 
?ilpKdd was breast-led for 6 weeks. At 3 months she hecYn 
\VT ."• *r fJ,n ' ovcr her feeds, and pasted one o, fwo 

S-fiH hard Stools duly. She wat.g.ven the usual v.umm 
supplements dunngjiu.iney. * - - 1 " 

.. *?' *i cn 81 7118 Hospital tor Sick Chi'.drcn 

n u a , CC , r -‘ n, r n,l> '- Shc a miseiaHc, restless, hvnotonic 

L\ b - Ti (y ! kyT --nSe 

15 in. (37 j cm.). A luuj s>sto)ic murmur was heard 
over the preeord.u/n, the femii,aTpuKes svcic easily palpate 
and (lie bln<>d-pressurc was l50/'*0 mm. llg. P P * 

/nfe./. A „ne«i._Uyinc, protein 20 mg. per 100 ml., 1-5 white 
cells per Inch-power field. Dlor-d-orca, 70 r„ r po r JOO n i 
ni«KN5-ch ; deste,ol, l«>3 nig per 109 ml.* X-ray chesiTtr'anm^i 
h ..rt. Intramuscular pyelography showed pet.-k defined 
sen.’l iwlvcs; no evidence of ncplirocnlcinoiis. 

hlcvtiocardiofraphy (s e e ): inverted T wave, in lead I, , n d 

dimagr" ‘ T ,C3J ‘ " ln * indi ‘ a *“'8 mynerdi^ 

Al . *®. mp n,hs the murmur was unchanged. The c to. 
nosv showed left ventricular liypcrirophy, but scrccitine 
showed a normally shaped here. A, she i : e of 2 yelrTw 
months scoliosis, which has * 


I 







y. 






Cine I Ca»*-rrr«rd» 

A rill, bun on June IB, |0 17 , was an enly child. Her mm her 
' ‘ dii'i’t'e; he, fatlicr was healthy. I’reynsncy and delivery 

* ,,f *«**»>? 


squired onhopxdic treat- 
^jver since, was rolierd. 

At iTft^wgr of O’/s.vhcn 
attending Hie bean clinic the 
child was seen to have the 
“ hype rcah .vmia ” fanes (fig. 

*)• She_li'.d a grade*,l early 
ejectK>h~m.oi irlK.r loudest'to 
the left of ike sternum. “Her 
blood-prcsMire ‘ 'was"’ 170/S0 
mm. Hg. Her head circum¬ 
ference'was 19V, in. (19 cm.). 

She was attending a special 
school because of men ial 
backwardness. The “urme 
now contained 200 mg. pro¬ 
tein per 100 ml.; blood-urn 
. 8 ?_ "VT P*'r ’ITSO.. ml.; 
and the r.c c.. show cd gioss 
kft ventricular hyprrtrophy. 

V-ray of the skull, spine (apart from the scoliosis), and long 
bones shoved no abnormality. A, 12 ycais her Mrv>d-pre»«ure 
had mrreaved to 170/125 mm. Ilg and the uiinc contained 
bet wien 5,0 and 2000 mp.. of protein per 100 ml. with a 
mode.atc number of epithelial cells. Her blood-urea rose 
to 200 nig. per 100 ml. in the next 2'/. year;; ,1.c-,m„mur 
was now a t rade-ill a jccti.’ii murimrr, and for the Tfs~rime 
a sym k thrill vis Mr cvrr the right carotid artery.' Since 
•hen both murmur and thrill have become less obvious, though 
the pat trot t blood-pressure has continued to rise. Sir* 
Was annumd to the hospital j n January, 1963, aged 15. wI3i 
facial Weak.rrss and slimed speeth which seemed to lie the 
li-sult of an... me eerehrovascnl..r accident Her blno.l-nf.ssur, 
’}'? 2 f, 0/7iK3 mm. lip, In. rnoglohin 48%, and hlorwhurea 
312 nix. per 100 ml. The patient's condition improved sliehtlv 
and she Was dtseharred home C/liere she died n mnitib l.tcr 
Necropsy was not performed. 


Tlf. l—faic I, mged 10 ytmrm. 
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J~" Comment 

The past history here was very suggestive of hyper¬ 
calcemia with early renal damage. A systolic murmur was 
already present at the age of 6 months. Subsequently the 
hypertension and the renal damage gradually progressed. 
There is no proof that the murmur was due to aortic 
stenosis, but this is likely. Mental retardation was 
pronounced, and the facies resembled those of known 
cases of the severe type of hypercalcemia.] 

Cat* 2 

The patient was a girl bom on April 26, 1945, of healthy 
parents. An older child wat'healthy. "Pregnancy and delivery 
weie normal; the mother took cod-liver oil capsules in the 
y‘. u ?L<c-‘i£;; for’the last 6 rr.ertht of her pregnancy."T>- 
child’i birihw eight was 6 lb. 3 ox. (2 8 kg.). She was bottle-fed 
with numerous changes of milk because of poor appetite and 
inadequate gain In weight.* A t the age of 3 weeks a.systqlie 
murmur_ was^deteacd; she first attended*The" Hospital for 
Sick Children when she was 5 months old; a blowing t y^ip lir 
murmur w as hea rd, loudest_irt the pulmonary.area. 

*P f °X_* y«» r .« »qumt was.noticed. 'Hie child had 
normal vitamin supplements during infancy, aniTorihoJo* 
ooses of Virol and ‘ Muliivste ’ tablets wete prescribed at a 
welfare clinic from the age of 1*/, to 2•/, years (fig. 2). She 
had loose offensive stools between the age of 2 and 3 years, and 
carhae disease was suspected. A systolic thrill was noticed for 

the first lime at 4V, year*. ———-——- 

The child was admitted to hospital for further investigation 
when she was aged 6 scars II months. She was backward 
mentally; there was F systo!ic'~niurmur and thrill conducted 
into the neck and the blobd-pressure wasT20;«0 mm. Hg.' Her 
heart uas not enlarged clinically or radinlogically, and i.e.o. 
suggested right axis deviation. Her l.q. at 7 years 3 months 
was 62%. Ijomjhe age of 8 years 10 months the child's blood- 
pressure began to rise slowly. ETrctrocardiographicaily 
Teh ventricular hypertrophy was first detected at 10 years, and 
this gradually increased during the period of observation. 
Ca rdiac enlarg ement was first noticed clinically in the following 
year. 

The child was admitted at 13 years II months for further 
investigation; her blood-pressure was 150/90 mm. Hr, and 
X-ray showed considerable cardiac enlargement to the left; 
ventricular puncture with simultaneous pressure readings in 
the left brachial and right femoral arteries showed a pressure 
gradient of 40 mm. Ilg across the aortic valve indicating'mild 
sUnoMt." The" - hypercalcemia " facies was first recognised 
during ibis admission Tfig.'3)1 

Invniigatiom. —Urine, protein 40 mg. per 100 ml., many 
squamous epithelial cells, 50 whi.c cells per cm in sin- 
centrifuged urine; tiric.e concentration and dilution teat ’ 


normal. Wood urea 30 mg. per 100 ml. Intravenous py f u. 
giapliy norm’I, except that the right kidney seemed slightly 
smaller than llie left. * 

r . *i'5‘hftd's hjood-pmsurc ruse to 150/110 mm It, 
at the age of 16 years. 9 months l.ire-r she wjs'rcfcrred so the 
late Dr. 1 ;iuIW(mh) at the Natiofi.il Heart Hmpjtal. Her blood 
pressure had now fallen to 1 40 / 00 . Jn j lhc , e „„ c| ‘ 
cardiogr.ipluc evidence .if Increased left ventricular strain A 
retrograde aonogram, showed a supravalvar stenosis. Sh. 
wa\ operated »•» by Mr. O. 5*.~Tuf>h>i on July 24, 1962. The 
stricture seemed to consist of thick *• myxomatous “ 

It was incised, and a ‘ 1 rfl.m * graft was sutured into the defect 
made by the incision. She died the next day. 

Necropsy 

At necropsy the operative findings were confirmed The 
thickening and narrowing of the aorta extended to the hifur~ 
lluii. The aoifa'uMi in i rowed between the otigiii of the left 
subclavian artery and site of the obliterated ductus. The leh 
ventricle was hypertrophied by about half. The kidneys seemed 
normal. Microscopic examination of the aorta (Dr. D. K. 
Henry) showed thickening and fibrosis or the media w ith some 
deficiency of the muscle anu clastic tissue. The stenosis was 
due to a combination of grossly thickened media and a pro- 
icning circumferential ridge of dense fibrous tissue apparently 
of intimal origin; at this point the clastic tissue was almost 
absent. Below the stenosis the intima waa thickened and 
showed early atheromatous change. The aortic valve appeared 
slightly thickened by an increase in fibrosis, but was otherwue 
normal The kidney was normal, except for congestion and a 
small cortical infarct; there was no calcification. 

Comment 

The early history^ of feeding difficulties suggest! idio- 
pathTcTiypcrcalcaeinta. "Ifis of interest, from the"irub- 
logicaf~point of view, that the murmur was already 
present at th e a ge of 3 wee ks. " 

Ca.t r 

This boy was an only child, born on May 12. 1951, rf 
healthy and unrelated parents. The pregnancy was “com- 
plicated by pre-eclamptic toxaunia, but the delivery was 
normal. The child's binnweight was 5 lb. 10 ox. (2-55 kg.). 

The mother s vitamin intake was normal during pregnancy. 

The baby w - as breast-fed for 5 or 6 months; but there was some 
vomitin^during the first 2 years, and he did not take mixed 
feeding until he was aged 10 months. He tat alone and began 
to speak when he was a year old, and could not walk without 
aid until aged 1 year 11 months. His viiamin-D intakes* t 
normal during hit first year. In infancy he was thought to be ' 
backward, and a cardiac murmur was first detected at the aec I 
of J months.---- I 
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Th* child was firil torn « The Hospital for Sick Children 

* ’I/ " »> n» .Hiihc when he wricked 21 lh. (9 5 k g.) and hit 

hcipirn* jTTrrn. Idem); he wa* noticed to have a " peculiar ** 
(icif» lfi|i 4) and there »is a loud «v»tolic murmur mmt auTihle 
in the third left interspace. lit* M<M,r~p7c**iirc was lOOftOinm. 
Hr. and the f - 1 —* - — . 

•eight slow Jy. 

• as aged 8 years 
Ht was serfened' 

initially thought .__ 

throughout, x.c.c. recordings dining tlic period of observa¬ 
tion showed no significant abnormalities. A t the a ge of 8 year* 
II months he was recognised as having the '^ hypercalc.rrrua^* 
facies (tig. 5) and was funlter investigated.'* - - 

* 7mvi»i>.i»i«i».—Unne, normal to loutinc testing. Blood- 
urra, 41 mg. per 100 ml. Scrum-calcium, 9 8 mg. per 100 mL 
Serum-cholesterol, 700 mg. per 100 ml. X-ray of skull and 
long I tones not mil; mo evidence of nephroealdnosli In the 
i Women. 

W hen th e child watlaM seen at the age of 10 years 10 months 
hit bTood-prcvuiic was 1'<0/100 mm. Hg, and for'the first time 

• .« h ^» ! > »»s fdt in both carotids. The boy hat always 

hf*n_t° m ew-hat backward, and it two years behind at school 
(C stream). --** ' - — — ^ 

4 

Cgmm tmt 

r This boy has an early history of feeding difficulties. 
Besides increasing hypertension there is evidence of a 
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ntd-CsuL'tillrnn. Mf.1 ■ Csss 4, aged 18 yeaew 

probable aortic stenosis. His facial appearance is typical, 

an<4 ka Im _ __..I_- S_a a •• - — ' ■ * »M»_s 


chest and skull were normal, and screening of hit chest showed 
a normal cardiac outline. EX.G.s showed no significant 
abnormality. Fig. 6 it a photograph of the boy at the age of 
J years. A t the and of 14 years II months lie was suspected of 
having the " hy iHtcal cjmia ”2 fades. “Mis''Mood-pressure 
ronsined normal, " except for one outpatient reading of 
140/80 mm. 1 fg at thf age of 16. He had always been recognised 

• 11 hetrg backw ard and attended, a special school.-— 

“TiTSe age o f»6 y ears 2 mon ths (fig. 7) the boy was admiticd 
10 Univcrsiry College Hospital under Prof. M. L. Rosenheim 
for funher assessment. His height was 5 ft. « in. (165 cm.) 
and his head circumference was 20'/, in. (51 cm.). His heart 
was of normal sire, and an ao rtic ej ection murmur was heard 
which was thought to he ducTojsortle stenosis,"though* no 
tlirill Was Ievoided. Tlic boy's blood-pressure* initially was 
130/80 mm. Ilg, but Killed to 110/60 on rest in bed. He did 
not complain of thirst, but had to get up twice each nicht to 
pats u rine. ■ --- 

litvriiigaiioru.— X-rays of skull and long bones were normal, 
and ihcie was no radiological evidence of nrphroca]cinotis. 
Specific gravity of the urine was 1017 at the highest reading pa 
fluid deprivation; urea-clearance normal. Blood-urea normal. 
Serum-calcium 10 5 mg. per 100 ml. on two occasions. LCS. 
normal. Intelligence quotient 46%. 


- . -- rr --.r..ww mm i/piV 4 H/ 

and he is somewhat backward menially. No formal tests 
of renal function hive been performed. | 

Casa 4 

The parents of the 4lh child are first cousins and healthy. 
There arc two normal brothers. The mother's pregnancy and 
bbour were normal; the child*a birth weight was 6 lb. 8 ox. 
P 59 kg.). lie was breati-fed for 6 weeks; then, because of 
vomiting, he was changed to bottle-feeding with a variety “of 
rmlkyhui The vomiting persisted. He never took end-liver 
Oil propcily.jnd at the age of 2 month* \yas.startcd on halibut- 
lort o il w hich he was si ill taking at the age. of 2.. years. JJ 
"KWhs in a dose of 6_ drops daily. Between the age of 6 
Months and 2 y;»is 6 months he was given thyroid rxtraci, but 
iv dose is nor known. He did nor sit until he was 9 months old, 
but he stood at the age of a year. At 2 years 6 months he had 
brgun to walk and was saying single words. 

The child was first seen at the age or 2 years II months 
•t The Hospital for Sick Children. He weighed 25 |E7| I 3 Vx'.) 
and hit height was 34'/, in. (86 cm.). The left palpebral fissure 
• as wider than the right, and there was an epiesmhic fold on the 

ft side; there w as no squint. The boy's heart was run i nlarged 
flinlcany, but a systolic murmur was heard, loudest at the 
pulmonary area and~cohducird up into, i he oech and to the 
»•«; A syst olic thii ll was felt tn thcjtcck. X-raya of hi* 


The boy’s exrly history of feeding difficulty could well 
be explained by hypcrcalcarmia. There is reasonable but 
not conclusive evidence of aortic stenosis, but this is 
presumably very mild as the Lee. has always been 
normal. There is only suggestive evidence of slight renal 
insufficiency; his intelligence it very low. \ 

Casa S J 

The parents of this boy, born on Jan. 24, 1946, were healthy 
and unrelated. One younger'liner Is quite "normal. The 
mother's pregnancy was normal, and she took the usual vitamin 
supplements during the Iasi 6 months“br pregnancy. Delivery 
(at term) was normarand the"birthweight was 6*lb. (2-7 kg.) 
The baby was breirt-fed for 6 months, with no feeding 
difficulties'! During the first year (fig. 8) gain hi*weight wit* 
'Satisfactory burwowed up after this, and by the age of 3 yeari 
hb'weighed the - same at his hcalihy (9-momh-old sitter. His 
vitamin-D intake was not excessive during the first 3 yean of 
life. 

A murmur was first discovered at 2 year* 3 months when he 
attended the Royal West Sussex Hospital (Dr. G. A. Emmerson) 
because he waa not walking, lie weighed 22 lb. 15 ex. (104 kg.) 
and waa Ken to have an abnormal facie* (" marked epicanlhic 
foldt ). A loud syalrlic murmur waa heard, loudest over the 
fight first* interspace and conducted up into the neck and 
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FI*. Ift-C... dr.rrlb.d b„ Sthle- n«. II—Tb, „ 

«*«■» ••«<* •*— •« »*.... //.“ - 

posteriorly; the femoral pulses were palpable. Screening of the 
* ^ hf,t * nd tcc - *trt both normal. He was thourht 

''" y ‘ Al ,he * ec ° r 5 y*«»Tm©mhw 
’ “jj**! no, “ r over ihe upper pert of the ilernum. and an 

aortic Icuon »«tut peeled; his blood-pressure was 110/60 mm 

s& sjsxr * • >“■ *• ^ ^ h^sz 

«3 hC , rC V* ”° chanpc in hi » physical sign*. There wa, no 
Mrdjac enlargement clinically or radiologically, but the tec 
honed invert™ of the T wave in lead! and* lowuE-^ff £ 

There wawiSTt?'* -a* Nood '» ,,c “ u " *•» *>/60 mm. Hg. 

• id. dew™ cv,dence of ventricular hypertrophy and no 

t*i» delation; u wives were prrr.»nt in V.. Th* kJLi . ~ 


r , , -. \ , waves in lead I and 

mirVn f ^ VCntr ' rU -~ ypCrlfCr - ; ‘ y * ith ventricular 
nram. A nen he was ieen at the age of IVI, year* hi* blond 

prmur. 120,90 mm. Hg, and the tcc. n^hUredtS 
brfneS bf V f W {J c * 1,ar h VP er »'°Phy and pottible right bundle^ 
^ ;r h ’ *!* ^ ,hf n ,ffn , ° »“« «he ^oe. of the *eve£ 
221^hm?K fC * k * OTtt (f ' £ 9) ' No renj| ^n^'TeitT were 

■ fairer no comp,jim ° i p ° , > uri *« «wm. At 

" ,he Brompton Hospital (DT 
, l’f. fi,u,f .had ritento 180/1 OOjunAlg. 

fimVear Th' Wf ‘ 8h ' * ai " WM a PP* renl, 7 normal for the 
S'^; T 1 *"' » "* evidence of renal insufficiency, but 
it ha* been impossible to ten renal function. The physical 

men\! U£K , e V° rtiC ,,Cn0iia ' There ia «>«* evidence of 
menu^rctardanon, and the boy hat the characteristic 

f* Discussion 

V J" C * £h f the ‘e five cases the clinical fcatuics correspond 
very closely to those of the older surviving cases of 

ef^'iwlwn 1 r mi t ,°f ' he RVWe ,yp < (Schlesinger 
cirdiar^f l A ch, ! dxen Patented as a problem in 
cardiac diagnosis, but direct proof that they were ever 

V ^"*-3. Renal bi °P*y «° look for 
evidence of ncphrocslcmosis, which is nearly always 

fgSV". nt .‘ n :nf “ nt,le hypercalcacmia (Schlesinger ct *J. 
1956), did not seem justified. 

VPe have direct evidence of aortic stenosis in one case 
only (case 2), and here the valves were normal and the 
tienMis was supravalvar in type. The cause of the 
J£n mu?hd mUr ^ ‘ he nrpe of hypercalc*,nia has 
.„d m l hu * ,n ,wo °f *hc cases (see fig,. 10 

•i 0 ( * CfcCn ^d by Schlesinger et al. (1956) 

thme 'i.“r , ,“ Cn ‘ no r. ,u «*« •««•« “cnosi, and resemble 
those in our cases. Necropsy ,n,d,e, in some case, have 
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] *hmvn that valvular chances are nrr.m. 1 

!txreT n ^ “L ,951) 3 ‘ y ‘ ,ol,c »nd hvpcnensioa 

were found, but post mortem there w» no 

of the valve* nr myocardium, l lrtchcr (1957) fn m4 a ,T 
calcified aortic valve in a child who had had both hTrl* 

, *: fioiftT a " d * * ,MO,ic murm “i, and Schlesinger 

i (1956) reported another case with a ivitolir m ^ 

’ without hypertension in which there was*, calcifi^T" 

/ 1" «»“ oti.ral valve. Joseph and Parrot, f 1958W*^ 

J thickening, without calcification, of the edgcs^fS ^ 

/ and tricuspid valves, and some fibrous thickcninc of tt^ 

/ aortic valve in another case where the blood-pressure hid 

• J of' bccn reCor ‘ lcd durin e life. One of the best^escript,^ 

.: N 4 » H chan 8f* •" l»»e aortic valve in the severe type J 

hypercalcxmia wa, given by Rashkind e, al. (1961)^*? 

— -i- yellowish^mir^ vilvc * thickened 

. C. u •• yellowish, microscopically the thickening was due to 
r*ar». mjTttcdematous" connective tissue. The cormun 
arteries also showed a similar thickening of their wilu 

ing of the Ther * w *» no calcification in the aorta, aortic valves a 
i thought coronary arteries. ^ vaivcs, or 

"Tl” * J" * hC “ r,y ri « idi,y of the valves seems likely ui 

. anti an be a common ca ise of the systolic mu. -nur, and hviir, 

>,60 mm. tension alone ;o be an uncommon cause. In view of t£L 

is d,mcui i xo u hy * he 

! w » "o "* CMC * where thc blood-pressure ha, bet. 

he E.C.C. ,n * pa,,e,u . of Ru ”«» *nd Young (1954) » 

ke-off in "“J! 1 . ,he . "turmur disappeared as the child's clinical 

un. Hg. condition improved. Rinvik (1957) described a similw 
y and no case, also without hypertension. The evidence dots 

*uggest, however, that a thickening of the valves rath» 

i*i". £ nd ‘h*" Calc,fica,ion '* ,he Primary abnormality snd that uS 
1 1 a " d change, may affect other large arteries. 

1 blood- hf "? 5rprOFria,!: ,0 di$ CtiS, the biology of 

rd only hw c. bu, i, may be signifiL« 

bundle- , ,be *y»l°bc murmur wa, detected at early at 3 weeks 
t_,evcre af,er b'nh (case 2), at 3 months (case 3), and at 6 mouths I 
«s *« m two others; ,n one of these two (case I), hypenemio. 

■st. At *nd rcn«. damage were already present. 

m Though the connection between aortic stenosis snd 

. t- pr ^*^* h)Tercalc*mia has not been reported Williams 
« al.. (1961) and Reuren et al. (1962) have described some 
for the cases of supravalvar stenosis said to be congenital, \ 

ty, bu, combined with mental retardation and a peculiar facies. I 

tysical Systemic hypertension was no, recorded in any of these I 

nee of cases. From the facial appearance of the children in the 

eristic published photographs it seems probable that these 
workers are describing the same condition that we have 
studied, though they had evidently nor considered 
spond infantile hypercalcacmia at a possible cause. 

lca of , Y , < ? ur CMe 2 , had a ,c ‘ ion identical with that dcrcribed by 
ttnger W.ll.am. et al. ,„d by Beurcn e, a!., bu, we were unable 
cm in «O i find any microscopic evidence of previous hypa- 
: ever plcacmia; so the connection between this condition and 
k for mfanttle hypercalcxmia cannot be proved at this stage. j 
Iwaya Bu, possibly the thickening from " myxomatous “ « 
ct al. myxoedematous " tissue may sometimes involve the ! 

aortic valve and sometimes the aorta immediately above ' 

■ case the vahre. 7 - 

r II* b v*!*^, 1 * *b* nk Dr- R«ri»sid ^chlningtr and th« Editor el tW 
r the ^I**!** Journal for allowing ui to reproduce the r^x p piphi 

* ha * "I*"/*'’" 1 * bFPrresIcninia; *«<1 Frof. M. L.'^Ro^dtf.w 

». 10 "• f °r * u rp'ri"« further infocrnMnn .how 

1956) „r*0 4 S^Tubh.To, ’Tl *“ ,,k * '• l»d*c I he tounrr, et I 

, / JJ- *• T “”» lot blowing ut in quote from hit oncrMiao ' 

mblc *nd Dr. D. K. Henry for he, hittoio.ieJ „po^. 

***** et Joet pf next aJemm V 
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I AI D. Sydney, M.R.A.CJ. 
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SYDNEY, NEW SOUTH WALES 

This report describes ihe clinical and r*'>>6logical 
features of a group of twenty-one children admitted to the 
*2™ A ' c ™ ndra hospital for Children between March, 
1931, and March, 1962, who appear to have had an illness 
• Inch, we believe, represents a clinicopathological entity. 

.* * haI1 r , cfcr 10 ,h »* condition at fatty degeneration of the 
viscera, of unknown cause. 

The outstanding clinical features were profoundly 
disturbed consciousness, fever, convulsions, vomiting, 
disturbed respiratory rhythm, altered muscle-tone, and 
altered reflexes. The onset was usually associated with 
cough, rhmorrhera, sore throat, or earache. There was 
often hypoglycxmia and a low cerebrospinal fluid (C.J.F.) 
glucose, and the scrum glutamic-oxalacetic acid trans¬ 
aminase (».g.o.t.) and serum glutamic-pyruvic acid 
transaminase (s.g.p.t.) levels were increased in each of the 
seven patients in whom they were measured. 

Seventeen of the children died, and at necropsy remark- 
soiy uniform pathological changes were found. To the 
unuded eye, these were expressed at cerebral swelling, . 
ihghily enUrged, firm, and uniformly bright-yellow liver, 
snd pallor and slight widening of the renal cortex. 

Clinical Features 

The series consisted of fourteen girls and seven boys. 
The youngest was 5 months old, and the eldest 8‘/, year*. 
Fourteen of the twenty-one were aged 2 yean or less, and 
the other 7 were over 5 yean. ^ 

i sZ?** frf< l uc " cy ,he main finical features and the 
laboratory findings is shown in the tables.! There was 
usually an initial period of malaise, often with cough, tore 

n ;r° rr , hcr *' and ,he child «n did not 
seem very ill. Usually after 1 to 3 days, but varyine 

txnsionally to 2 or 3 weeks, there was fairly abrupt 
din cal deterioration, the most worrying changes being 

* * nTw * f *‘*"*«. M*«* 1 W.l« Hnpiul, R«d^«s, 

! SW&l'*"***- *» *«. 

^^W.C.2 d f '° m n ‘ UmM ' 7 * *«"«• AOclphi. 
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persistent severe vomiting and the onset of stupor or 
coma, sometimes followed by convulsions. In ten of 
the fourteen children who had upper-respin,oryTna 
symptoms, there was a short period of apparent recovery 
. before symptoms returned and the more serious phase irf 
the illness supervened. y 

In nearly half the group there was w ild delirium, with 
screaming, intense irritability, and violent movements, 

ring the period when consciousness was deteriorating, 
and in several of the other children an unusual degree a f 
restlessness was noted. 

On admission to hospital, .11 but two of the patients 
* rcady » ,u P°'«e or comatose. Eight exhibited, *t 
jome t,me afterwards, the delirium described above. 
Usually one or more of the features that we have learnt to 
regard as characteristic, such as hyperpntra or a low cs.r 
g ucose. was present at or shortly after admission, and 
others appeared over the ensuing 12 or 24 hour*. 

Every patient had profoundly disturbed consciousness. 

*" d . H C 7"! Cen ,ad *'""?*• "H* 'VP** of convulsion 

varied, and some patients had more than one son of fit at 
different times. Focal twitching and tetanic spasms were 
seen most often, and ip three patients, one of whom had 
opmhotonut, the spafms were sufficiently like tetanus for 
this diagnosis to be considered. Convulsions were often 
diffin 11 ' to control; in ten of the seventeen patients who 
had fits tlw-se lasted more than 3 hours, and its four they 
were terminated only by death. ^ 

Vomiting was another constant symptom, and in moat 
patients it was severe. Eleven patients vomited black or 
dark-brown material. It was notable that vomiting invari- 
ably ceised or became much less frequent shortly after 
admission, that is, a few hours after the onset of stupor or 

COXXUL 

The respiratory rhythm was noled to be abnormal in 
twenty cases, and most exhibited changing patterns of 
breathing. Hyperpntra and irregular respirations were the 
commonest abnormalities noted, but shallow or rapid 
breathing also occurred, and one patient, who became 

rMpTmtioT mainCd ** iVe f ° r 26 hOU " W * th ,MiMed 

The liver was palpable in twelve, and in seven it seemed, 
on repeated examination, to have become larger than on 
admission. In six the.livcr was thought to be abnormally 
firm, and this was, in our experience, a more helpful • 
finding than apparent enlargement 

Muscle-tone and tendon-reflexes tended to be change- 
, • '"created variable tone and tendon-reflexes were 

found in sixteen. The plantar responses were abnormal or 
equivocal in about half of the group, and they were often 
variable ftom time to time in the same patient The 
pupils became dilated or unresponsive to light, or both, 
in ten patients. In only one patient were the pupils 
unequal. 

A characteristic posture was observed—the elbow* 
flexed, the legs extended, and the hands clenched—and 
some or all of these features were noted in seven patients, 
rhi* finding, in common with hyperpnoea, firmness ex 
enlargement of the liver, and changes in the muscle-tone 


a. r. N r_ aurt I A \ ! r T. eC 'V cm °1 ,he ,ivcr * and changes in the muscle-tone 

M.m. r*':,? d r rene r w " mort of,cn "«*** 

C .rmmi.ii imiiitii u ih i recently admitted ca.ict. when cliniriam is. I.-..I..I«_, 


i«.rk V 2 " *». ms. 

& ”• ** 

,J.C,llwint. lu*n,I. U.,Uh,|. l (IHI)Unl«M,l4,|||| 


—' - uncn rccofoea in the more 

i recently admitted ca.ws, when clinicians at the hospital had 
, become familiar will the condition. 

In twelve patients ketones were found on urine analysis, 
. w lhrrt »« • ketonic odour on the breath. Eveiy patient 
except one had fever while in hospital, but this was not 
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degenerative changes in tiip 1964 Vo " 74 -‘ 

IWJECTC, wm,™’*,I^°u R ^ F SHE “ 59J 
VITAMIN D, 6 592 

" ' • ' ®r . . ‘ . 

B. F. Fell, R. Boyne and J. Quahtew«an 

*«*J*w». dVrA,. 

■V- INTRODUCTION 

In 196a we examined histologically , CV eral r 

ammal in a small group of adult HI™i r,, ? r S? n * fr ®m each 

a single in.ramuscularSection 3 oi " h,chhad «*** 

a ml. ethyl oleate approlimatX clZ n tnn.HT ?'*"?* D * ia 
These sheep had been used in a/rxiirril mo " ,hl J* fo fe slaughter, 
of vitamin D, after its injection (Ouartermr^ ^ b, °? d ,CVel * 

1964). The histological studies vire M^e m ^ 2 "" 0 a " d Adlm - 

• pathological cflects of the irn.m,', j • 0 i nvcs, «g*«e possible 

Blackf.ice cwStfS were lS 3 T.V,C d XT’ !,om '» <W«nn J 

•mount, or dietary vhami" I>.„, L'eomX' "'* i "* nr 

vi,. Ca ' CUli i0 "* r ™*' I* 1 ' • 

aorta_ 6 Flivo^ofTTw^r ^^s. T c n -^ L ---- rSI ? n ---^ c f P u " d j n '*>* 
^^'Jmcdi'affibrosis of the aord^aiC^— 

^ » viu mi . 

shortened the useful life of the sheet^m- K Cb f S,oni ' vou W have 
advantages, we felt obliged to mak-^a^imila^stiiM^^ T" 0 "* di *. 
of anm.aU in nrH,r , 0 r L r y tfs ;, observation. * Y °" * " g " r ° up 

* • . .. * — • - • • 

• • 

materials and methods 

• JS-pJa-js 5 fe*fc. 

injected with vitamin P or with prophylactic vacoW^ **** 

the sheep were lcept~oif*gFasT KN"li“short uVn#- *? Tfl' ** / Y' er il ^on 
were transferred to marginal hill grazing untd'thL^S'rf’t!^** l . hcy 
Early in October they were returned £ * *" ” d ** ^P^mber. 

98 Imm«?a°t V 63 V h * y i ^ con «ntr.tS fZm'sTe?!, & °" 

Immediately after slaughter the heart iKn,,.'. ^ 5 a ®3- 

lung were pliceTuThcutrii buffered 4 per cent formaldrK "d P 7*? rf 
After about two hours the heart was fr£d frlm‘ w^t 1 h>de j° ,u,K>n - 
Otiou, tissue, examined and weighed TissuTfor^t^V^ * dven * 
processing for histolo-ical tximin,.;™ [ rur . ,t>er fixation and 

chamber of the heart^rom similar areas nfth ™ from Mcl » 

,u ng. Three specimens werejiaken from each ,o^ ." C *" d fr ° ra ** 
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Paraffin wax leci.oni from each tpecimcn obtained at two and four 
montlu after the injection* were siained by the von Koua method for °T 
emm *alu. Section* from all ipccimcns were stained l,°^ r 
fuchsin method for collagenand Iby h U 1 ^ van Clewn , p.cro. 

'“r'»‘ijuion.*',tei ,r„'£ 

acid-SchifT and hacmalum method, by Heidenhain's iron hirmam p 
S e Su?ar , fibJ« d F 0rS,n00 ''* mUSde CC,U and by ‘ hc ,ilvcr ’"‘P^gMbon 

ot reticular fibre*, frozen section* were stained by Sudan IV. “ 


RESULTS 


.-.Jfc „ d and contro1 ? rou P< d'd not show a significant differ- 
ence in average carcase weight,. Neither macroscopic nor mini- 
. lesions were found in the heart or lung of any animal, ex 
irasitic June lesions. The h^n r„._ * 


^°P IC -“• »»t iicnri or tune ot any animal evrrnt 

for parasitic lung lesions. The heart weights from the three erouE. 
were not significantly different. The von Kossa preparations wcre aU 

Elided f ° r ca . c,um Although no changes were seen with the 
unaided eye microscopic lesions were present in many of the sections 
of aorta and were classified as localised or diffuse. Tlie former were 

rcra n ted ,n t o an th ma S fr f m * 1 th k re * groups and wcrc apparently un- 
anbif i .V he ‘ rcat _ mcnt . whereas the latter occurred in all the 
animals injected with t,000,000 ufiits vitamin D, and we believe 
were attributable to this cause^ oeueve 

__ TABLE ■ ”H* 


f ■ „ 

! 1 — 1 

Xt. ./ 

\ 

JnlramiuruUr 

SUygkltr: turn mfUr iiytetim 

nuts 

itymitn 

a mamlhs 

4 tnaaOu 

6 months 

8 w***r 

II ' : • 

t 

16 

1 , 000,000 unit* vitamin 
D, rW.lvrtl in 9 ml. eihvl 
olcaic (Robert Young it 
Co. LuL) 

4 

4 

4 

4 

" a 

• 

y*>,ooo units vitamin D § 
ta 1 ml. ethyl oleate 

— 

4 

— 

4 

» 

1 

16 

• ml. ethyl oleate 

4 . 

4 

4 

4 


^QULArtT^rc/u Lesions o<currin L J^T J Md^ni_Urt I £4Ud 


ThZ! 1 C “ 0 n '!ff cific . C ^ an ? cs ,werc localised arteriosclerotic lesions. 
intima° CCU,Ted ** * car * and Plaque-like elevations of the 


vitamin T' 0 £*!j C SbttCen animal ‘ Ejected with .,000,000 units 
vitamin D,, seven had one or more small sub-endothelial scan in the 

23 °V h r S ^ V k n affc 5*5 d animals mulriple lesions were 

rect,v “' g hair,h ' a,wv ' *« 

• 1r Zt 0 /^ C *«tcen controls there were lesions similar to those * 

the treated groups. The typical appearance of these artcrio- 
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5'G VITAMIN d, degeneration in sheer aorta * 

vessel wall and y . P |«L^^£j^Sl! n 5 J. eh ! llc of the 
endothelial tissues. Jocalucd thickenings of the sub- 

<£!=- atyss 

fibSlmJ o^Th n r ? considerable increase in fine elastic 

stxdhienf ° f ,hC a ° rU wa * jli S h t)y oedematous in these 

, ^rv. 1CnS ’ ° Ut ^ att y change was not presentj 
I There were also lesions in the vasa vasonlm of the aorta These 

JSSi? r CqUe "ir^ d cons,stcd of celling or proliferation of vailiS 
endothelium sufficient to reduce c/Tectively the vessel lumen (Fig 10) 
This change appeared to be confined to the group iiWted id,* 
1,000,000 unit, vitamin D,; only half of the sheep in thSKo 
found to be affected and in them we were unable to find more than 
T££r-"P*f VCSSdS ** r an ‘ ma LlThere was no dJecT^denS 

rel^vdy marked deer ' 0 ‘"“"T° f smo ^ muscle which showed 
relatively marked degenerative changes. There was no tiVnifir» n t 

perivascular fibrosis in comparison Jh the conlX^ciS 

DISCUSSION | 

ea..?rH S h P °“»K , f l f at ,he * , P? ntan eous” aortic scars and plaques were 
caused by ethyl oleate, the vitamin injection vehicle. Our data do not 
resolve this question, but since intimal plaques in the aorta have been 

n^dfil CntaJ,y ^ ° lhCr ‘ PCdcS * probabIe°that they^rl 

Rort S a I ?r r l t r ne ? U5 ’ "oH-’^cromatous, arteriosclerotic lesions in the 
aorta arc fairly common in captive wild mammals (Fox, iq 33 , Q oq. 

,95 ? ; L, °y d * '959; RatcUffe, YerasSes and 

Elliott, i960; Fmlayson, Symons and T-W-Fienncs, 106a) Similar 

in ScvcraI domesticated fpedes ^ 

« 933 )- Cottheb and Lahch (1954) examined more than 2,000 fresh 
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aortas from pig* slaughtered to American abattoirs. Arteriosclerotic 
lesions were found in all age-groups, reaching an incidence of-is per 
cent in pigs over 3 years old. Principally the lesions were fibrous 
thickenings of the intima. In one middle-aged pig, Jennings, Florey 
Stehbens and French (1961) found plaque-like intimal lesions,' 
superficial to the internal clastic lamina of the aorta. These plaques 
were relatively acellular, but contained intra- and extracellular 
fat and areas ofcalcification. Non-fatty, fibrous intimal plaques in the 
thoracic aorta have been recorded in the cat (Lindsay and Chaikoff 
* 955 ) and >n the dog (Lindsay, Chaikofif and Gilmore, 1952), but the 
rat appear, to be relatively free from spontaneous vascular disea * 
(W liens and Sproul, 193^) except in repeatedly bred animals, where 
spontaneous arteriosclerotic lesions commonly occur in the main 
arteries of both sexes (Wcxler, 1964). Wexler found that the lesi™, 
were moic common and more severe in the female; 40 per cent of a 
large group showed grossly detactable lesions and 80 logo per cent 
.had microscopic tos'ons. In the course of other investigations, 
Hulland (19G0) observed a high incidence of arterial changes in the 
visceral arteries of both normal and diseased sheep. Sudanophilic 
areas were found in the aortic intima in some cases, but the incidence 
of arteriosclerotic changes in this organ was not recorded. Lesions 
or the media were not common in any vessel. 

Generally, these spontaneous intimal lesion, in younger mammals 
resemble those which we found in sheep in this experiment, being 
mainly fibrous thickenings of the intimal tissues, containing elastic 
fibres and occasionally some smooth muscle cells, but rarely lipid, 
n older animals and particularly in the aging pig there is a 
tendency to atherosclerosis (French, Jennings, Poole, Robinson and 
Florey, 1963)- r ne aetiology of the condition is obscure. 

‘^c hanges in tl.e arlcriaJLwalito be 
JE^M^^L^iCll-OCjfe^trcainjqni. The actual cause ofthoe 
rrucroscopic degenerative lesions in smooth muscle is not clear. 
Presumably the vasa vasorum play an essential part in supplying the 
outer parts of the arterial wall xvith nutrients and it seems probable 
that atrophy of smooth muscle could be a consequence of an inter¬ 
rupted local blood supply. It is unlikely, however, that the few 
abnormal vasa vasorum which we were able to find could cause a 
serious circulatory deficiency. On the other hand, these could be the 
residue or a more widespread vascular lesion such as the arteritis 
described by GUIman and Gilbert (1936) and Hass, Trueheart, 
Taylor and Stumpc (1958) in vitamin D intoxication. If so, it £ 
surprising that the coronary arteries and myocardium escaped injury. 

Alternatively, the change, in aortic smooth muscle could possibly 
be the sequel to a direct injury sustained soon after the vitamin 
injection. Gross calcification probably did not occur, since such 
deposits tend to be relatively persistent in the aorta and cause distinct 
focal starring of the media (Gillman, Grant and Hathorn, 1060• 
Quarterman, Dalgarno, Adam, Fell and Boyne, ,964). It should be 
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noted, however, that the aorta ran accumulate considerable amounts 
of calcium before mineralisation ran be detected by routine histo- 
chemical procedures (Gillman and Gilbert, 1957). 

Finally, the medial degenerative change could possibly have some 
relationship to the lesions of skeletal muscle observed by Gillman and 
Gilbert (1957) in rats suffering from vitamin D poisoning. In this case 
the skeletal muscle underwent atrophy and extensive degeneration 
with dissolution, due possibly to a direct toxic action of the vitamin. 
On the other hand, similar changes found in rabbits given very high 
levels of Vitamin D were thought to be due to arteritis (Hass eld., 
* 958 ). 

CONCLUSIONS 

r* 

' A single intramuscular injection of one million units vitamin D a 
in normal sheep resulted in degeneration of the smooth muscle of the 
aortic media. No histological lesions due to this treatment were 
detected in the heart or lung. The pathogenesis of the lesion is not 
understood; damage to the vasa vasorum of the aorta or direct toxic 
action of vitamin D arc suggested as possible causes. Both the injected 
and control animals showed a high incidence of spontaneous intimal 

arteriosclerotic lesions.^ _ 
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Fif. I. Spontaneous sub-endothelial star in the aorta of a control sheep. 
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The Syndrome of Supravalvular Aortic 
Stenosis, Peripheral Pulmonary Stenosis, 
Mental Retardation and Similar 
Facial Appearance* 

Al™. j. Scmum, Paw. n„, le> 

. — v DiETK.cu Hammjanz, m.d. and JUncen Apitz, m.o. . 


Gottingen, Germany 


I n a previous communication we reported 
nl>out the findings on patients with supra- 
valvular aortic stenosis in association with 
mental retardation and a rertain facial ap¬ 
pearance.' Prior to this report. Williams and 
co-workers’ drew attention to this combination 
of defects. The authors suggested that the 
proencr of supravalvular .-.oriic stenosis in 
.mentally retarded patients with the saHie" 
.uiiuiUi f.iii.il fe.iiuit t illicit _.oiiMituiv h 
jscvknisly unrecognized syiiJnimc. It is well 
Inown thai at least three different anatomic 
conditions may cause supravalvular aortic 
obstruction and that this t> j>c of aortic stenosis 
may l>c associated with some degree of gen¬ 
eralized hypoplasia o f the entire corta distal to 
ilte stenosis or with an aorta of normal calilier. 
Since in the cases of supravalvular aortic stenosis 
reported in the literature prior to the rrjiort of 
Uillianis and co-workers,’ additional mental 
n tarda I ion and the striking si mil* Hty of the 
ficial ap|Kjrancc was apparently not present, 
ibc question remained whether this combination 
4 lesions occurs only in a particular Ivpc of 
supravalvular aortic stenosis. Meanwhile, we 
have seen more patients with this condition, 
and imageries consists now of 11 patients, 10_ 
of lltrse with the nlmvc-incniioncd combination 
ufjesions. Iintlicr observations on 11icsc pa¬ 
tients, particularly the finding of coexistent 
multiple peripheral pulmonary stenosis and 
identical dental malformations, are the Iratis 
of the present rcjnirt. 


CLINICAlfTEAfUKES 


CKNERAL APEEARAKCB 

Table i summarizes the clinical data of 10 
patients with supravalvular aortic stcnosii. 
Patients 1, 2 and 3 have already been described 
in our first communication about this subject.’ 
One additional patient not included in Table I 

«i #4* fT MPMn g f a. , 

m .. */#**■ ••upraVniVuwr «4w*tic 

stenosis, characterized by a uniform narrowing 
of the entire ascending aorta.* This patient 
will be discussed separately below. The 10 
patients listed in Table i have localized nar¬ 
rowing of the ascending aorta just above the 
sinus of Valsalva; they arc mentally retarded 
and have the same characteristic facial ap¬ 
pearance. Figure 1 shows photographs of 
nine of these patients and Figure 2 is tire photo¬ 
graph of the tenth patient. These 10 patient* 
were between 2 and M years of age when first 
seen in this clinic. There arc 8 girls and only 
2 boys in this scries. The diagnosis of supra 
valvular aortic stenosis was confirmed at 
operation in 5 of thcin f All have been 
preopera lively diagnosed as having supra¬ 
valvular r.oitic stenosis. This was clearly 
demonstrated by transscptal left heart angio- 
cardiography. Intelligence quotients, deter¬ 
mined in 8 patients, ranged from 44 to 80 

t Operated on by Dr. J. Knnet, Department at 
Thoracic Surgery, University of COttingen. 
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(norin.il value: 100 , Wee haler).* The 2 pa- 
licnla tint ucrc not teated arc also mentally 
retarded. 

The JarinI eharnelerutiet of these patients arc at 
described previously.There arc distinct soft- 
tissue similarities^ but the facial resemblance it 
partly determined by h> |x>plasia of the mandi¬ 
ble. All have the tame friendly tempera¬ 
ment. They arc very active and always happy. 
The similarity of appearance it even more 
striking when they talk, all with the *amg deep 
somewhat metallic voice. In total they arc 
what one would describe at charming char¬ 
acters. Four of these 9 patients have strabismus 
convergent concomitant alternant (Case 1, 
6, 7 , and 9 ), and 1 has an rpicanthus (Case 1 ). 
The retinal vessels are normal. 

DENTAL ANOMALIES 

Nine of die 10 patients listed in Table i 
have had rc|>calcd examinations by a denial 
surgeon and orthodontist (Schulze), 'llicse 
examinations rescaled specific and otherwise 
very rare anomalies. The dental malformations 

• Tested l»y Dr. It. SrhUnge, Department of Pedia¬ 
tries, University of Gottingen. 


are more severe in the 2 boyi than in the I 
girlt. Therefore, they will be described sep- 
cratcly. 

Hoys: In the deiiduou s dentition of Case 1 the 
lower lateral incisors (II | II) are absent. 
Earlict roentgenograms revealed that there 
never was an anlagc of these teeth. Case 2 
hat a complete deciduous dentition. How¬ 
ever, most of the teeth of troth these lioyt are 
extremely small and hypoplastic. In addition, 
the up|Kr milk molars of truth boys show de¬ 
formities that have so far not been detcrilxd. 
Both dorsal toolh-knolrt (metaconum and 
hypoconuin) are markedly reduced, causing a 
round crown instead of the usual rhomltoidal 
form in V | V. A decrease of die masticatory 
surface with consecutive convergence of the 
lateral tooth area results in peculiar bud-shaped 
iecth (Figure 3 ). There is no reduction in the 
numlrer of knobs of the lower milk molars. 
However, here the masticatory' surface b alto 
smaller than normal with an abnormal con¬ 
vergence of the lateral tooth area, particularly 
on the buccal side. 

The permanent dentition of both boys h also 
incomplete. In Case 1 there Is no anlagc of 
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2 | 2 and J _5 and in Case 2 no anlagc of 
*4 I 5 a n f * 5 |* All incisors are smaller than 
normal. The sum of ihc four upper incisors 
of Patient 2 amounts to 25 mm. instead of 32 
nun., the average for these teeth. The first 
lower molars are also malformed. Their distn- 
lingual knobs (cntoconid) are h)|>oplastic. 
The roots of these teeth arc very short and thin. 

In addition to these abnormalities in numlicr, 
shape and size of the deciduous and the per¬ 
manent. teeth, there is a marked dyIgnat hitm. 
The upjier dental arch is too broad, whereas 
llie lower is loo small. Consequently, the 
U|>|>cr arrli overlaps the lower at the end of 
the mastication. Therefore, the act of chewing 
is severely disturbed (Fig. 4). 

Girli: The girls have less pronounced dental 
malformations, hut deformities of the incisors 
and hypoplasia of the teeth of the same kind 
are also present (Fig. 5 ). The sum or the 
upper incisors of Patients 4 and 6 amounts 
only to 26 and 27 min., respectively, if in 
patient 6 one counts [2 twice, Ixrcause 2| is 
lacking. All of these girls have the Ijpical 
reduction in size and shape of thc»r teeth as 


seen in the l»oy«. Partial anodontia and • 
delated mineralization of some teeth are also 
an expression of the same maldcvclopmcnt of 
llie dental anlagc. 

CHROMOSOME STUDIES 

Three of the patients (Cases 1 , 3 and 6) had 
chromosome studies. Leucocytes of peripheral 
blood were cultured according to the method of 
Moorhead and co-workers 4 * for three to four 
days. During the last four to seven hours of the 
cultures, colchicine was added and the micro¬ 
scopic preparations were stained with Unna* or 
acetoorccin. A total of 50 metaphnsc-platc* 
from each patient have been studied micro¬ 
scopically, and photographs were taken to 
count the chromosomes. In oral smears, resting 
nuclei were scanned for Barr bodies (P. F.bcrlc). 
In all patients llie chromosome number is 46 , 
and no chromosome seemed to be abnormal in • 
structure and length. Outstanding in the 
karyotype analysis was the oliservation that 
the male patient (Case 1), who has no descensus 
lesticului um, had an abnormal y-chromosome. 
This y-chromosomc appeared to be somewhat 
short, making it difficult to differentiate it 
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FVo. I. riioto|>ra|ilu of nine children wilh supravalvular aortic stenosis. Numlicn 
corrr>|K>nd to r,w numl>cri in Tal.lca i and it. (Figuics 1, J and 5 from CWuhrliM, 26: 
J»JS, 1962, reproduced by permission from the American Heart Association.) 


from the chroinosomcs'drCase 21. However, 
we do not Itclicvc that this is of significance in 
regard to the syndrome of supravalvular aortic 
stenosis. 

CARDIAC SYMPTOMS AND FINDINGS 

The clinical symptoms of these pa'ienls have 
Ijccii described earlier;'•* they arc not different 
from those of patients with other types of 
aortic stenosis. '11 te exercise tolerance was 


reduced in 9 of the 10 patients. The systolic 
murmur and thrill were most pronounced in the 
first right intercostal space in 3 of the patients, 
and there was no difference in the intensity of 
the murmur in the first and second right 
intercostal spaces in 1 patient. In tlic others it 
was loudest in the second right intercostal 
space. The second sound in the aonic area 
was diminished in all but 1 patient. There 
were significant blood pressure differences al 
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Fio. 2. Photograph of patient 10. 



1 in. 3. A, terlh of Patient I. n«d-sS*|ird fV and hypo* 
|ila»ia of the (liirf.il kirnbs. It, normal milk molar* of a 
healthy child of the tame a(c. 


the upper extremities in 7 of the 10 patients. 
The hearts were only slightly to moderately* 
enlarged on roenlgenograirtk, the C-T ratio 
ranging from 44 to 54 per cent. The roent¬ 
genograms of the hearts of the patients with 
supravalvular aortic stenosis were characterized 




1964 



Tro. 4. A, Cate 2. Impressions of instills and mandible shows mkrodontiwn. 
'flie maxilla is too br.iail, the mandible too small. D, Case 2. Vcsiilrulo-occlu- 
sion of ihe upper lairr.il tmh. Mastication is severely dislurlied. C, Case 1. 
Malformed and hypoplastic teeth, 'lire maxilla Is too broad, tire mandible loo 
small, f), Case 1. The ntaailla ovrrh|» the mandible at tire end of mastica¬ 
tion. There Is no dressing contact of antagonists. 
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Fra. 5 . C«k 6 . Dental imprruiunt. 


by the absence of the aortic knob and a sonic* 
what empty vascular pedicle in which no shadow 
of the aorta could lie seen. The electro* 
cardiograms of only A patients showed marked 
left ventricular hy|xrtrophy, and in three 
electrocardiograms there was left ventricular 
strain. 


CARIMAC CArilr.1t KIZATION DATA 

In 8 of the 10 patients (Table it), the left 
ventricle was entered, and there was a signifi. 
cant systolic gradient between the left ventricle 
and ascending aorta. The left atrium wes 
cathetcrizrd in all of these patients, and there 
was in no instance significant mitral rrgurgit*. 
lion. There was also no evidence of any other 
additional intracardiac malformations. 

Right Ventricular A ngiocntdiagrajihy: Surpriv 
ingly, the right ventricular and pulmonary 
artcry pressure was elevated in 7 of these 
patients (Cases I, 3 , 5 , 7 , 8, 9 and 10). There 
was no gradient lictwccn the right ventricular 
and pulmonary artery pressure of tlicsc seven. 
At least in four instances the marked elevation 
of the pulmonary artery pressure could not he 
explained on the basis .of supravalvular aortic 
stenosis. Therefore, selective right ventricular 
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Catheterization Data and Selective Angiocardiography of 10 Patients. 
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r« 6 Case *■ Pulmonary uncincardiopram .how* 
m.jll.plc, j--riplirr.il »lr„o«i« i., | K .||, pulmonary arteries. 
Pulmonary ailrry |rrcu..rc w« 110/40 mm. || R . 

anqiorardioqraphy war performed in addition 
to left ventricular angiocardiography. This 
demonstrated severe, multiple peripheral pul- 

,u "«* patienu 

(Crses 3 , 7 , 8 and 10 ). Their pulmonary artery 
pressure* were 55 / 12 , 95 / 20 , 110/40 and 70/10 
mm. .1 lR, respectively. In the right ventricular 
anq tor a rd tog rat ns of the 3 other patient. 
(Case* 1 , 5 and 9 ) multiple, bilateral narrowing 

* the pulmonary anmi,| tree was also present 
Init was hemod) namically less significant (pul- 
monary artery pressures 42 / 15 , 37/11 and 32/6 
mm Hr, res,x-elivcly). The 3 remaining pa- 
licnt, have not had right heart angiocardiog- 
raphy. Figures 6 and 7 show the peripheral 
pulmonary stenosc* of Patienu 7 and 8, and 
Figure 8 is the electrocardiogram of one of 

rish ' 

Isjt limit Angiocardiography: Thi* demon- 
ilratrd a localized narrowing of the aorta 
nuncdiately al»ve the sinus of Valsalva in aU ' 
vilicnt, (|.,g. 9 and 10 ). Distal to the stenotic 
irea the ascending aorta resumed an almost 
lormal caliber in most of them. In some, the 
orta, although it showed a distinct supra- 
alvular stenotic area, did.not resume a normal 

* ' i r,. distfl to the stenosis but remained 
wrkcdly Iijjmplastic througbout its course, 
here was a marked bulging of the aorta at the 
te or the obliterated ductus arteriosus in all of 
•esc patienu. 

WCICAL FINDINGS 

At operation of the first 5 children an almost I 
xumfircniial crista with a f.brotic thickening , 

•n. 1964 
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Flo. 7. Caw 7. Rich! sent dollar aneiocardi,»»._ 
•rtcnc*. I ulmonary artery prrnure 95/20 mm. j Ig. ^ 

• *« • .o-- . ' *1, u~l I |-* | - • F 


■ t :rrrr 

*■ .Fleetrocardiogram .how. debt sen- 
*«•— 

of the inner wall of the aorta was found This 
was most pronounced above and betwren the 
ventral and the left aortic leaflet. In Case 3 
t icrc was a waistlike uniform narrowing, and in 
Case 2 the ventral and the left aortic lea .leu 
were fused with the stenotic area, thus covering 
the orifice of the left coronary artery. A 
detailed report about the operations will be 

srsidSL 0 '- '• Konci : ■ v,, “ ■’i*""* 1 -. 

J!" rl f vcn,h P a, *"» <* this series, a 10 year 
old boy „ not included in Table i; hi. finding, * «• 
have already been published.' He had a 
normal facial appearance, was not mcnully 
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retarded and hi* supravalvular aortic stenosb 
was distinctly different. There was a uniform 
narrowing of tltc entire ascending aorta, ex¬ 
tending high up into tlie aortic arch and 
behind the origin of the large arterial vessel*. 

Discussion 

Different anatomic conditions may cause 
supravalvular aortic stenosis. An increasing 
numlicr of patients with this condition has now 
been reported, preoperatively diagnosed and 
operated upon.*-" In most of the earlier 
reported ease* there was a fibrous band crossing 
the aortic lumen but causing apparently no 
olwtruction to left ventricular outflow.** - ** 
Functionally significant narrowing of the as- 
ccnding aorta at the upper margin of the sinus 
of Valsalva it caused by a localized narrowing 
of this part of the aorta, with or without a 
circumferential crista or a membranous struc¬ 
ture which contributes to the narrowing of the 
aortic lumen. There is usually marked plica- 
cation of the inner wall of the aorta. As Mor¬ 
row and associates* have pointed out, one or 
more leaflets of the aortic valve may be fused 
to the thickened wall of the stenotic part of the 
aorta, thus covering tltc respective coronary 


onfire to some extent. From experience with 
autopsy specimens of this ty,ie of congenital 
malformation, lev” has rejmrted that supra¬ 
valvular aortic sienosi; may occur as an isolated 
lesion and as part of generalized hypoplasia 
of Inc entire aorta. Some of our patients have 
significant hypoplasia of the aorta distal to die 
stenosis. There is one more anatomic variant 
of supravalvular aortic stenosis which b ap¬ 
parently even less frequent than the usual types. 
It is a uniform narrowing of the ascending aorta 
lieginning also iA the upper margin of the sinus 
of Valsalva but extending high up into die 
aortic arch, the origin of the great arteries at 
the aortic arch being within the stenotic area. 
This form is distinctly different from the usual 
supravalvular aorti; stenosis and should be 
termed “unusually Jong supravalvular aortic 
stenosis.” We have reported such a ease* in 
detail, and Neufeld .md associates’* also pub¬ 
lished studies on a ease of this kind of hy¬ 
poplastic aorta. 

Th* exact diognasii aj mj,canicular antic 
sienaut can best be established liy left ventricular 
injection of contrast medium' and biplane 
angiocardiography. Resides die facial sim¬ 
ilarity, there are no specific signs which would 
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i arteriosus. 

permit the diiTcicnlt.iliun of iupnvj|\ utiir 
aorlic stenosis from other types of aortic stenosis 
on physical examination. In some eases the 
thrill and the systolic murmur may lie most 
pronounced higher up in the right prrrordimn 
just Itclow the clavicle. The second aortic 
sound was diminished in all our eases. Of 
interest is the frequent finding of different hlood 
pressures in both arms, as reported also by 
others, and it may help in the differentiation. 
The roentgenogram of the heart may, however, 
offer a diagnostic clue. The emptiness of the 
vascular |>cdiclc and the fact that no aortic 
knob can lie seen should make one suspicious 
of this type of aortic stenosis. 

It is a striking and most surprising fact that 
we have seen within one and a half years 10 of 
these, patients with the facial characteristics 
dcseriljrd previously,'•* with mental retardation 
and with certain similarities in temperament 
and nature. We do not believe that there is 
any external reason for the sudden occurrence 
of this malformation such as the thalidomide 
malformations seen in this country. The 
relatively frequent recognition of this combina- 
'i ,m n f lesions is proktbly due to the fact that 
In recent years more detailed studies, including 

aean. 1964 


left ventricular angiocardiography, have been 
performed as compared to some years ago. 

It may be worthwhile to point out that we 
have been able to differentiate by left ventricular 
angiocardiography the fusion of tl>c leaflets of 
the aortic valve with the stenotic wall of the 
aorta from the eases without such a fusion. 
The surgeon will see this anyway at operation, 
but this differentiation may throw some light 
upon the result of ujrcration to be expected and 
tlsc risk of operation. 

Tbc bulging of the aorta at the site of the 
ligamcntuin arteriosus which can be seen in 
the left ventricular angiocardiograms of aU of 
our patients, with this syndrome, seems to be 
specific for this malformation. It may also be 
an expression of the maldevclopmcnt of the 
aorta and the pulmonary artery. 

Pfiijihnal Pulmonary Slrnosit: Resides the 
identical dental malformations of these patients 
the most interesting new finding is the co¬ 
existence of multiple bilateral peripheral pul¬ 
monary stenosis in at least 7 of 10 patients with 
this syndrome. In 4 cases this was so severe in 
degree that it could not be missed: the pul¬ 
monary artery pressure was significantly el¬ 
evated; there was no gradient across the 
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pulmonary valve; the cardi.ic c.hIk ter could 
not^ lie ailv;»tired inlo a pulmonary wccJgc 
position lier.niM* of the severe multiple narrow* 
»ne* in both pulmonary arteries. In the 
3 other patients who had right heart angio¬ 
cardiography, bilateral multiple peripheral pn|. 
inonary stenosis was well demonstrated hut 
hcmodynainirally less significant. The re¬ 
maining 3 patients did not yet have right heart 
angiocardiogtaphy. Multiple |>criphrrnl pul¬ 
monary stenosis to a more or less significant 
degree is to Ijc expected in these patients. 

Gupta and Wiggers* have shown that in 
coarctation of the aorta the lumen of the aorta 
must I* reduced by 55 to 60 percent Ixforc 
left ventricular and aortic pressure rises. It 
is also well known that in aortic and pulmonary 
stenosis flic orifice of the valve must be narrowed 
considerably liefure the pressure proximal to 
the stenosis will be significantly elevated. 
Kilcy and co-workers,* in their classic paper on 
the hemodynamics of the pulmonary circulation, 

. have demonstrated that the pulmonary circula¬ 
tion has a large reserve capacity. Therefore, 
peripheral pulmonary stenosis must lie present 
to a considerable degree before pressure at rest • 
rise* in the main pulmonary artery. Dean and 
co-workers* have pointed out that in multiple 
peripheral jHilmonary stenosis tlte pressure 
tracing from the main pulmonary* artery 
proximal to the stenosis has a characteristic • 
contour with a low diastolic pressure and a slow 
rate of ascent. Our 4 patients with marked 
elevation of the pulmonary artery pressure else 
had a low diastolic pressure, but in contrast to 
the finding of Dean and fo*u*orkcr» l n there 
was a steep ascent in the pressure tracing of the 
main pulmonary artery. The pressure tracing 
of the right ventricle exhibited the features of 
an isometric curve giving a symmetric, pointed 
tracing, similar to tliat of patients with pure 
pulmonic stenosis. Wiggers* has also com¬ 
mented on the decline of the diastolic pressure 
proximal to a coarctation of the aorta. Ac¬ 
cording to Wiggers,*.* this is the result of 
reduced capacity of the aortic compression 
chamber and its increased volume elasticity 
coefficient. If such a compression chamber with 
a reduced distensibility receives a norma) 
stroke volume, tl»c systolic pressure rises and 
the diastolic pressure decreases.* The situation 
is similar in peripheral pulmonary stenosis. 

Sioft, 5 ib><le rg.i;ml* called attention to the : 
clinical significance of uu>iv 7 iTviiTaT pulmonary , 
* Heliosis in 1954 , several case*, hive licen i 


A 


J retried. ~ However, the total number of 
pane.,is rliagniwrcl as having this malfor,nation 
is still smell. It has licen diagnowd only sine* 
the introduction uf selective angioeardio.. 
raphy. Hie terms “coarctation of the imjI- 
’ nK " ,i,r >' ™cry,” “postvalvular stem*?, of V 

1 pulmonary artery," "supravalvular p il.nonary 
artery stenosis" and "|ieripheral pu, nonary 
stenosis Itayr licen used to designate the* 
lesions. Peripheral pulmonary * stenosis may 
occur as an isolated lesion, or it may be a*, 
soeinicd with other cardiac defects. It may be 
a single stenosis or it may occur at multiple 
sites of the pulmonary arterial tree. In a high 
percentage of the eases reported in the literature 
the main pulmonary artery pressure was normal 
or only shghtly elevated. William* and eo- 
workers discussed this phenomenon in detail 
and pointed out. that there are certain pitfall* 
in the diagnosis if it is based on catheterization 
findings alone. As may any congenital mat- 
formation, peripheral* pulmonary* stenosis may 
vary widely in iti degree of severity * * !u 
presence in all of the patienta of this series who 
havx had right heart angiocardiography k 
highly significant. The etiology of supra¬ 
valvular aortic stenosis and multiple supra¬ 
valvular pulmonary stenosis, occurring in the 
same patient, is probably closely related. 

Cvmhinrd Aortic and Pulmonic Siijnacalmlm 
Sirnons: Only a few cases of combined aortic 
and pulmonic stenosis have been reported.*-* 
These case* may present some diagnostic dif- 
ficultirs, since the clinical picture may be 
dominated by one of the two lesions. The 
electrocardiogram of su 4 t patients may show 
right ventricular hypertrophy and only minor 
signs of left ventricular hypertrophy, or pre- 
dominant IrA ventricular hypertrophy. Only 
combined left and rigit heart catheterization 
and angiocardiography clear the situation. The 
coexistence of lieinoriy-namically significant mul¬ 
tiple (icripheral pulmonary stenosis in eases of 
supravalvular aortic stenosis is of importance 
for live surgical management of these patients, 
since multiple peripheral pulmonary stenosis b 
inoperable and may cause considerable dif¬ 
ficulties in the postoperative period following 
correction of supravalvular aortic stenosis. 

Denial Characteristic!: Th c outstanding and 
most frequent dental malformation is the 
reduction in size and thc general hypoplasia of 
°( ‘J 1 ? Particularly the upper 

middle incision arc involved. Not only their 
site is abnormal but also their form. The 
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•Syndrome of Supravalvular Aorlic Stenosis 


b** Invc additional malformation* of the 
,)iridiHHi* molars (htid-*h.i|H-o) Tin* seem* 
•" I* 1 *j>ccific. Partial anodontia !•»•«• 

, anrr.di/ation of several teeth are closely 
j ...nriated with the reduction in size and form 
,4 tlic teeth. This is a hetcromnrphnus ex- 
j j-region of the degeneration of the milage which 
d«o causes the general dental hypoplasia. 
Some of these dental malformations of the 
ihiklrrn with supravalvular aortic stenosis arc 
extremely rare among other children. There* 
the high percentage of its occurrence in 

I tlicv patients Can--/. |>c nn incidental finding. 
IIm-i children also have hypoplasia of the 
"•"wl'l'lc; «he horizontal branch is too short 
compared to llte vertical branch, and the 
mandibular angle is larger than normal. This 
it partly responsible for the peculiar facial 
ajl*arancc of these children. Unusual dysg- 
iwthisin is present only in the boys. They 
have expansion of the maxilla and compression 
U the inandihulc that result in severe nonoc- 
elusion of (lie teeth. 

i ft/by nrit’i «/ Me Syn drome : Tltc association 
t«f i ih niaf' retardation' "wttTt the close facial 
resemblance of these children and the presence 
<4 clinical signs of aorlic stenosis has led to the 
• correct diagnosis of supravalvular aorlic stenosis 

i in the 4 patients of Williams and co-workcri* 
and in our patients.' At that time it was 
suggested 'bat we were dealing with a pre- 
siously unrecognized syndrome, but there 
I remained some douht because several patients 
had been reported in the literature who had 
supravalvular aortic stenosis but a normal facial 
appearance ard a normal ipcntal capacity. 
After seeing the additional patients dcscriljcd 
in tine present report and after the recognition of 
otherwise unknown or very rare Identical 
dental malformations and multiple peripheral 
pulmonary stenoses, we hav e no do ubt dtat_thjs. 
J s a sy ndrqtne. It still needs to be explained 
uliy there arc ■ patients with supravalvular 
sortie stenosis without mental retardation 
and lire peculiar facial appearance and prob¬ 
ably also without additional peripheral pul¬ 
monary stenosis. The type of supravalvular 
aortic stenosis present in our eleventh patient, 
who had uniform narrowing of the entire 
ascending aorta, certainly does not belong to 
•hi* syndrome. 

The presence of |x-riphcral stenosis in both 
great vessels points toward the possibility that 
defective formation of the aortic septum it 
responsible for the tendency of generalized 
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hv|x>pla»in and localized narrowing of the 
aorta and of the pulmonary artery. This it a 
jy'h. hypoplasia., of several organs, 
p.irr.eulurjj jjflM.tl, great vessels, the teeth and 
inaiiclihlf, and j>mb:il»[y aim of the cerebrum. 
According to our observation* on this subject, 

Ibe syndrome consists of supravalvular aortic 
stenosis, multiple ixriplwrajjpinnibna^y 
mental retardation wi.ih_achar.irtrri*ltc.7adal 
apjH-arance, otherwise]rarely occurring complex" 
dental malformations and with the frequent 
association of strabismus convergent concomi- 
.tans. 

Summary 

A series of 10 patients with supravalvular 
aortic stenosis and a similar facial appearance 
with mental retardation is dcscrilxd. Tl»e 
patients have identical dental malformations 
in addition, and 7 palientsr examined by ‘right 
heart nngioc.irdiograjAy have multiple, bi¬ 
lateral peripheral pulmor ,ry stenosis. Periph¬ 
eral pulmonary stenosis is also expected to be 
present in the remaining patients. The clinical 
features and the findings obtained at cardiac 
catheterization, angiocardiography and opera¬ 
tion arc discussed. Chromosome studies on 
3 of these patients have been negative. It ia 
suggested that defective formation of the aortic 
septum is rcsjmmiblc for the coexistence of 
peripheral stenosis in both great vessels. The » 
malformation is characterized lay hypoplasia of 
several organs. 

The findings represent a new syndrome: 
supravalvular aortic stenosis, peripheral pul¬ 
monary stenosis, mental retardation, a certain 
facial appearance and complex dental mal¬ 
formations. 

Addendum 

Meanwhile, right heart angiocardiography 
has been performed in Patients 2 , 4 and 6 . 
Multiple |teripberal pulmonary stenoses are 
also present in these patients. Since die sub- 
mission of this paps r, it has It em suggested**- «« 

J 1*01 -the j)«i t irnt* with Miy>ravnIvular aortic 
stenosis anti the characteristic facial appearance 
.represent the survivors - of the.,syndrome of /V 
infantile .hypcrealccinia. Rixently we~ luve ' ’ 

examined 2_a<Miiional children widt the ume 
combination of lesions. One of these children 
docs indeed have a history of infantile -hyper¬ 
calcemia, llic findings on this patient and 
the observations made on a patient, with, in¬ 
fantile hypercalcemia ^without any" cardiac 
lesion will be published clsewltcre. 
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A lWI.IAK f.irics sujtRrMnig kinship h.i* Ihiii 
found in some iNmfainiltal case* of utpinval- 
uitir amlic Mniii'ii in rliilitlioivl.''* In n'litiliun, 
it Ins Ivrn rtvn"iti/i'<1 lli.it inf.int* with idiopathic 
l.ijrrr.ik rini.i hav* a rather characteristic “elfin** 
firiil o|>| km iinee. Rcfently tloxcrilictl arr a group 
,{r rliitdini with “aortic stenosis** and an “elfin** 
fjtfif*. An illness during infancy in each patient 
«j« suggestive of idiopathic liyi'crfalcnnia.* 'llicir 
fjrks ap|N'.ired identical to those, of patients with 
»ijHavahnlar aortic stniosis described by others.’ 1 *. 4 
It sinus unlikely that this rcmaikahlc similarity is 
coincidental. , 

Although an association between idiopathic hy- 
iciraktiiiia and supravalvular aortic stenosis ha* 
Utii alluded to in the recent literature*' 4 no pros ed 
die has thus far lxm reported. Tlic purjwsr of 
ilk paper is to present such a ease and to establish 
tl.k association at a clinically rccogni/alJe syn¬ 
drome. 

• . 

: Caw. Uutort 

. I 

c$ (J 11.11. 100-01-1?), a 9-montli-old Imy:»w admitted 
fa itir 2 d time to ihe llanCTTlailr lhimf for evaluation 
. (| <jili..motor retardation.and mailed muscular hypotonia. 

The family history was (icitincnt in that an ft-yc ar-old. 
r-j'r sibling had severe mental r'lard.M.ioij, Tins siting 
i.lrird piimary and secondary apnea at Imth, and a con- 
rvbivc disorder lulwnik ally drvi loped. Ilia facial appear- 
rt r did not suggest h\ |*nrateemia. He was nbnnoimsivc 
i:d had r.o raidiar nninnnr. There was no'renal dysfunc¬ 
tion; ralriuin and ■•hosphnrm and cholrilrrol drlrnnina- 
te«r > if Mid nonnal rrrntis. Roentgenograms of the hones 
■ or no evidence of eailier inrrrased mineralisation. 

The part history disclosed that the patient was the prod- 
>1 ii ass tincimpliral.-d 9-month gr nation. 1-abor and dc- 
iiiriy vrrc noimal. Tlic hifth wrir.hl was 3005 f.ni. (8 
i unfit, ? ounces). ’Hie neonatal course was not unusual. 
II* v»i fed a slandaid rva|»oiated.niilk furmula ('100 units 
frilrmin I) |hi (|iiait) and ircrived 1000 unils of \ilamiil 
ll daily a< a vitamin supplement. At ihe age of 5 nmnlhi 
If »ar rcferied liy Dr. A. C. Kolli to the Ilsiricl l-anc 
I! sue Caidiac Clinic for evaluation of rardiomer.aly »"d 
jnluc iniirniur. A diagnosis of valvular puhuonaty III- 
• tir war rulrrlained. Al ft months of nee an uncomplicated 
*i7ilrsal inguinal hcrniordiaphy was ticrfointrd. Al M* 
'w-ap skits it l-cramr inricarinr.ly evident that the patient 
•at (ailing tu attain noimal developmental miUflours. At 

•fin* ll.f 1V|.i<i>mia «l PritialfV* Met lie llarrlrt law ll»nw far- 
'eOiW, J..I.M IlnjAint l|.«|-ilal 

Slwl IVlMllMf-Kr *4 1*.lftaliw%. fVwLn.l Ste|if.|«.|il.K 

tt-i 'at Clr.iltml, ntti<i: l.-Nt-rlt, hum I.W.I..I inliSw, l)<|.a«|. 
•«J *» NAIaliirt. jet,* ll-.fl urn It.. |4t*l. 

yuirtl a ..i.lr, Caii);.J.af f-uii.h, NjiVmI ll-ail Im-i'iiuw, 
[•ViJj, Sla.rl.twl; !«■« i.k rK. k>Iw pihlial irftMh Ml, lk|d<liw>l « 
e Siuirr, }..'.nv IlirAiw ll ' plil. 

IS-wwHl ■ wlar, NalH.K.1 tiillilulr ml Nrwnlnelrat lliaa.l *rtd 
I it-m. Hrll.. -1., St..|)lawl; Imwllt, UViK t IWpilMOM 4 I'ole 
*'••«. M« 11..,.i i»i ti. .|.iui 

|. i InM. |h|»ftiKenl <4 I'rflitliht. sn4 ewlilf tUrf,, 
■kikI I.Mtf lliiae Caotwe t'.hi.U. ).4u«« IlMj.liM* |Ik]4i4. 


the »i;t of f) months hr was unable tu sit with support or to 
rraul, an I he had a swat ciy. 

I'bvfi. al examination sli'.ued him to 1w in lie lOlh per- 
renlile fair m;IiI amt in h «s lla.m Ihe Til |.. aramilc for 
wreighl. The hlnorl piersme w.u IMI/ft? imii. of inricury 
in the ii;;bl. Mid 1?ft/ft0 Him. in the left ami and 
110/70 min. in Ihe h>wei cxliemities. Tlie farict wsi elfin 
(Tig. I). Siil-I.unp i xaniiii.ilion disrhisrd liilateial lenlirii- 
lar oparilies rompalible with calcium dc|Harilio|i. Marked 
iniisciilar Ii)|m. Ionia was rridrnt. Titers; war diininislird 
iniiuic mass, |Hi«ar molor control ai.d syinurelricatly fcy- 
p rarlive deep lenilun teftexes. Cardiac cxMininalion re- 
seatrd a light pirroiilial lift and a difTine apical impulse. 

A syttolii- tin ill w as palpable over tlic upper strrnal bor¬ 
ders and in llir snpiuslrrnal jtnUh. Tbe 2d hrarl sound 
split imii'ialljr ssWi resjiiralion, and Imlh a*>rtie and pul- 
iimnary-vab r closure sounds were easily distinguished. A 
Ciade 4 (on the basis of C) systolic ejection murmur was 
In aril maximally over the 1 rielit and left upper sternal 
borders and radia’trd over the entire tirecordiuin. Into . 
the nerk and to the hark. No niaiiifcstathors of congcstisT 
cardiac failure weie present. 

The hemogram revealed a tnild normochromic, noinmcytic 
anemia. Urinalyses shosved arid pH, oceasioi.al pyuria and 
tnirrosrn|>ical hematuria without Larilluria. Urine culture* 
were sterile. A 12-hour urine concentration test yicldrd 
a specific erarity of 1.015. Standard uira xlearance, cor¬ 
rected for Ix^ly-siiifarc aira, was 27 per cent of the nonnal 
value for the patient's age. Hie creatinine clearance w*as 
similarly trilurrd. 'Ilie senim chemical fir.dinss _ were _ as 
follows; s wlimn, 140 tnilliequlv., chloride, 100 inillicqujv., 
potassium 4.5 millierpiiv., and carbon dioxide combining 
|tower, 21 millierpiiv. per liter; urea nitiogen, 18 and 30 
mg., total lipids, 1.9 yin., total cholesterol, 165 ing., cal* 
eium (iiiciliod of llairison and Harrison*), 13.1 and 13.3 
mg., phosphorus, 3 0 and 3.2 mg., alkaline phosphatase, 

2.it llndatitky units, total |nolrin, 6.1 gm, albumin, 3.5 
gin., globulin, 2.C gin., piotrin-liosind lirxnsainine (meth¬ 
od of kVin/lei*), 215 mg., and vitamin D assay (method of 
Hell rt al.*), 1540 units per 100 ml. (nonnal,_ 00-400 units). 

Kocnlr.rnolngif examination revealed considerable sclero¬ 
sis of the liony ralvatia and base of the skull, at well 
as diffuse osleotrleiosis of the long bones - and verte¬ 
bras (Fig. 2). An iiitias'riions pydogram was normal. X-ray 
study of the chert disclosed an increase in (lie cardiomegaly 
first noted al the age of 5 months. . 

An eleeliocardiograin showed a vertical electric position, 
right-axii deviation and cornbinrd ventricular hypertrophy. 

Cardiac ralhcirii/aiinn with tclcrlivc einrangiocaralof!- 
raphy was peiformed. The arterial catheter was ad¬ 
vanced to the ascending amts, hut it could not lie parsed 
across tin- aoriir valve. The vrnous rathtlri was advanced 
to tlic main pulmonary artery. Tlic catheterisation data 
are presented in Table I. Tlirrc was a systolic gradient of 
21 mm. of merrury across tlic puliimtiaiy valve. A cinc- 
angiogiam in tlic left (interior oblique jmsilion after In¬ 
jection of routrast material into tbe main pulmonary arteiy 
suggested mild stenosis at lire origin of the left psilmonaiy 
artery. A thirl.ened, abn.i-m.il pulmonary valve was Wen- , 
lifted. A 2d cineaneioriam with ihe ralhe|er in tlie as- 
(cndiiii: aorta diit.l lo the aortic valve flag. 3) ilnnon- 
sl rated a supravalvular aoitie nil row ing, with a supravalvular 
aoriir diaphragm, a dilated Irft rornnaiy ailriy ami mild 
aortic insufficiency. Tlie wall of tlic left vciiiilcle appearrd 
sliil insb thickened. 

Surgical rorn-rlioti of the cardiovascular anomalies was 
mil rlreined feusilde at this age. Tlie ^■tienl wat placed 
on a |owc»ti bun diet with no added vithinin II and was 
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utio:i of hyjxrcalcimia was absent in all llicir 
patients, and the cardiac lesion, supravalvular aortic 
item on, was described in only 1 patient. These 
authois p<»iulatcd that the myxomatous ihirkcning 
J the aoila fmmd in their case and the similar 
pathological changes found in the aortic valve in 
die rare rcjxsrtcd l>y Hanihind ct *1.’* were re* 
i|to:nihle for the cardiac murmur. Hie similarity 
U-t»rrn the cardiovascular abnormality seen in 
aHjuiit-d vitamin 1) intoxication and idiopathic hy¬ 
percalcemia has also Ireen recognized. Kxccssivc 
vitamin 1) administered to animals lias been shown 
to produce changes in the wall of the aorta, coro¬ 
nary arteries and heart valves that range in se¬ 
venty fiom suliendolhclial edema to calcification. 1 *''* 
It is interesting that the lesions on the rat and rabhit 
aoita seem to begin and predominate just al>ovc the 
aortic sinuses. t 

11,c triad of mental subnormality, unusual fa¬ 
cial features and supravalvular aortic stenosis is now 
an established clinical syndromc. ,,M It is probable 
tli.it most, if not all, of the* patients thus far de¬ 
scribed were born wills supravalvular aortic stenosis.* 
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’Hie findings in the patient described alrovc sug¬ 
gest that idiopathic hy|ieieahrinia is also n featiue 
of this syntliouie. It is not yet certain, however, 
whether the hyjienalrcmin is one com|K>nent of a' 
. genetically delei mined multiple-system abnoim.ili- 
ty or whether the total syndrome stems from a de¬ 
rangement of vilauiin 1) m< tn!>oli'.in. 'Hie jirnliahil- 
ily that the cardiac lesions in the present ease are 
congenital sloes not preclude a metabolic disorder 
in utfio. The implication is sufficient to wanant a 
•. .major cfToit to obtain slelailed .Indies of other pa¬ 
tients and their families. 

SUMMAIlY AND Co.NCLmi.lNt 

An infant with severe idiopathic hypercalcemia 
associated with supra yalvujar _.aot lic_stcnosi*_ and 
valvular and |x>stvalviilar pulmon.ry sleno-.is is dc- 
scrilied. To our knowledge, this irpicscnts the first 
proved assoriatiop- between the aortic lesion and 
idiopathic hyjicrcalrcinia. This ease suggests the 
ixisuhility that idiopathic hypercalcemia is part of 
the newly recognized syndrome of mental subnor- 
mulity, a peculiar facies and supravalvular aortic 
stenosis. 'Hie characteristic facies teen in each of 
the two syndromes appears identical. 

Attention is called to the similarity between die 
cardiovascular lesion seen in experimental vitamin 
' P intoxication and idiopathic hyj'crrnlcrmia. 

Since this pa|*cr was submitted for publication complex 
denial malformations and |>cri|»hern1 pulmonary stenosis 
have been drsciil>ed in nuxittinii with the syndrome of 
•itpiavalvular aortic strnotii mental retardation and peculiar 
facies.** 

) * 
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CATECHOL AMINE ,V,-A.)OUSM IN ESSENTIAL HYPERTENSION* 

."-•I .AN NON IlKUNjES, M.D.f 

>X»S AKOr.I.KS, CALIFOKKIA , • 


ID CCA USE both norc|>Siu‘j<liriiic «r.c '-vinpalhcite 
stimulation produce viHofomtiiet!-.- then has 
been much spoliation about the role c:’ oivpinrph- 
rme In essential hypertension. I Jy,*rt ; - .c patients 

have been shown to be more sensitive t*. -Mused nor¬ 
epinephrine than normal pmons.' V,-iv recently 
oiugs that affect either the tissue >• -.-Is or the 
metabolism of norepinephrine or o:’. - Valechol 
amines have I'em shown to have mar}-: i-.ntihypcr- 
tensive effects.* n 

Hie majority of n-jiortcd studies v T caierhol 
annne txerthon in liypcrtrnsivr pat:-;-::. indicate 
°* : ,,wJ, ; ,i “‘ I y elevated value: -..r ..rinan 
catecho aunucs.**" Several studies ha . • jW„ sir 
n.r.can«ly /oner excretion in hyjicrU-r.-.:- v patient, 
norJn^l . , Persons.'* ’* Vanillyhr.a rlelic arid 
t MA) excretion in hypertensive patie;—- lias been 
reported, ns normal/-"* 1 ' elevated" or .:•**." 13 c. 
ternnnation of tbc O-methylated'dcriva- - *•» of ep- 

ineii/irine and •Uilol i!n<M st.J... ._ • . 


' Mwiion* 


• * . ' ’ cicnvA'.* n oi cp- 

mejihrmc and norepinephrine, metan*:-. • -ine and 
nonnelaneplinnc rcsjiectiwly lias sliov -rf no dif- * 
''H*'"•»** l»'l*,«* * -i norm,1 

It seems that the most valid appro*,*.*! to tl* 
*t»«ly of catechol amine metabolism :.*. essential 
'j-jseilcns.on would be to investigate v «r urinary 
excretion of catechol amines and cat/ • * vl amine 
iiKlalxihtfS by tl.c most siH-rific and s/,*. *tive pro- ' 
ce-clurc, available. Ratio, Ix-turen the .r.otis me* 
tabohf,^. should be determined as well absolute ! 
rate, of excretion. Such ratios" arc uv.M in that , 
the marl;ed variation in the absolute amount of , 

catechol amines excrctetl may mad: -.‘rnificaitt c 
changes that could be idcntiried if il.- : relative c 
■mounts of the various metabolites sure compared, d 

5* 7L £!"«' »•- •'-/•*“.-*» e: 

•Jmsc Was Atai|J,| r I. ,i^ g . 1 ••*.*•**>« Vs f TMWMltrf n 

.'**.****** P J «Im fl 

•tlr U SumiUiu <:*«!/—^s J '*'** l * r ‘*' y * *-**“* IJ*utj Uui ,hi . 11 , ,M« t*ui«rr. ** 


,h- rile unnaiy excretion of catechol amine, *- 
,t, thcr nietalsohlcs ss-a, studied in 73 patie^T sS 
,r. «v nt.al l.nx-rtcndm, and i„ 47 .n.nSTL 
ly person, svith „on„al ,Llo/d plSfi 
|,c hl-pcrtensis-c patient, had taken .mdica.h!,» fa, . 
°1 least four syeeks before the urine svas eolketed. ' 
r- mi)-eight of the hyjicrtrnsive patients srtre ea 

patients of the Hy^rtension Clir ic, M sT 
S | inpatients on the medical wards. ’iC s^T- 
lc elected except for the exclusion of th)Z on 
y normal control Xi ' To^.T * 

! i«*„» " 0, "' al «n» UH»J 

mil ^ subjects were ambulatory durinc tlw 
» c V" ‘»id not engage in am u Ji 

. o.„ acuity such as climbing stain AlthLS 

. »•>..«™ r i H , k.,u of~ 

I t ccntly eaten banana,. Tlie majority of the 

ore'VS C ?i CCU |at ,hC ,3 * C o’ u t; 
!oL!. 11,C "'• ‘''.“I* .«J La . 

Eplneplirlne (E) a„rf Woreplncpl.rln. ( N) 

st-rtsssssss l 

X;::;rr < ~ ■yts i 

cpiiKjiliiiue and norepim ijhrinc sveiv ..^d r” . I 
.deter*niiiation All it • i • ^ ' 0f cadi | 

.duplicate" Tw« 2 r ,° XKb " 0n ‘ done i„ 

use of iscu *•„ i s; n ;: <,, ‘ , " ,c,rr 

excitation J* S'**'^ “ 

flnomcence waseh?' of So and * 

Lvn...t ... *.. JUO Iinlliimcitiiis and a 

< • * with wasvIchgilA of 430 and *ir 

tnirioiii iis,xclively." 1 320 "'d''* 

*•••';, # * 
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, •' -«K;.v.,l\„l, r a .,rli c . ; 

• •H- to., y.,,uty„f |i cs j„ ,| It . | „ tA j i 

i«>rli<Hi ..f Hie awihli,^ aorta. Ciii,i,.,;ix 
, Wn '' r * ,hr in,,s ‘ •'••I-TIAIII lesion is . i •. 
1f "SetMo, Of ,f.c aortic wall 
.0 v.,K c cusps I„ certain juticu,, wifi, .Vs 
;■* V f "* M.pravalvular ao.iv 

M-noso .•.„ WllllU . s <MIC dc(1K . I(( ,, f ;| c|j , . 

markcl also I ,y i„ IIVlilVl , ] ’ 

" K " ,;, l ,U »p*y. »»l a characteristic f;„i,‘ 

I tins syii'lromc | MVC U-ensern in ,'„ !s 
Jk. mucc IWSJTfce Impose of this,.. 
w ,vi,icnts wIm,m< syn . 

2*.^“*'*. 


# Case Reports 

II.* CT*’ ! * wa% » m, a| 3 x,- . r > ..f ..... 

Il«-Was I.HI, f*rnii;,|i,f|.| y . ■' 

I"'iliiia.'*. o rni..„ ,| ,i t . , 
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^r^\r!r* s ..»-, a 

ri; ,s .. 

w,s forr^.,1. , W T, ’ ,r 

4/0 5 ** * ••icv > iLms A ^ule 

m il.«* ri-l.i ■ . * iM^ni y ^lrvi 

— rj "z&'ifv'x ^ 

wa. ,| M „ |)m> f T • -r "» l-tlsrs 
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r*. M r? : T 

» ; , f :rzz;’oTj hh,h 1 " ,, 
*n.! J t Ji^‘; .ri^r.r/o ^ r v( ,'^r * 1 : ,,r - 

.-* 1 . ,r 

r,Bf ,rf ‘ s.wl.iflc was l.vpcrlr,-j,i«l ill * Z, ‘ 
an, rirs wee ^ Tl^ coo,, irjr 

of IT's *“ ,f ' *" i rj: ‘ r> '*' a * Kcformol a| 1 Ik- nr- 

... »y |H«KMKM.ia Ml Si*/hr. 

«*• h,,T 
wo,arr»sf,M „sl ,!«• |<1(iort , I|rL “ ' rjMn *** 

tu£,£':;T.::Tr , ' i ” r^' 1 «•*— 

.wry Cmp was l Wl * iM i r f |tw , * f ' ,r,K 

•IKUtiHl lo ||.r .„»| lf wa j, # , , 'T r,0r 

wl»." || H . n.osury artery «Mi l; i a ricO il,i, ,’JT 
r«0„.U i „.,„ C J vhfc |||e aM.k I.MUCU only 
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" f '- I 


I ~ f 

( ... > I- 


- ( 

.: 


• i 
? 1 


/io - 

r* • 


* •• :*v. . r*<r<_ *.. 

V r^‘ f * ha *. fafi « fh»r.«flcri»iic of tl.it 
nndroinc. Her mlcr t* seen v.nit a inrmal fart 

h, ';’ r l Mir an* normal. A yMolie tl.rilL wnt j-al- 
• vtMf ov ‘ T risJit fir*t a^l ..cnTinkrecital 
♦m*ra>untal notch, rancid arterk*. 
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A rr.«!e •/£'*}H’ Jk rjt -i Um murmur »-j« at»MJ< 
,, 1,1 ,,,c "F 1 " nilrrccMal ijocc and « n 

T »ll trami,tin,J m ,| lf m ek. Tlierc mi a n-M 

r*“"“! , *T”” a ,n »*" '»* move.,™*., il.^ht 
MK.^rJnnlM, was ,kJ«I. A wchmtetrk eaa.ni.a- 
a w™"** »S* of 4 Vi year* and an 

Tl>r f?KM radioprai* »W nf a ctmravity at 
tlic nght >i|i*rr lonlcr of tl. c cardiac iliad.The 
left ventricular .-..^iorram, d .mumtrated hyi*r- 
tr«*|.M and dilalau..,, ot il* left Ycntiirk. There 
wa» * curiilar narrow inp in || K . a*ccdint aorta 
niiincdiatcty al.or tlV origin of'tl* coronary 

/r- T T. Wilh * * ,i S ,rt J«»«*io>otic dilatation. 
<^1* 4). 

OjKr. htirt tnrgerv »u jierformed during which 
Mir c. ur.iai.o n and otl;cr_an-iocardic-ra|.)iie find- 
’"«* * ,,r rii l fTri.H d r TW aortic - wallTaTthirlc 
riHd. The aortic eti'j* were nomal. A jatch of 
t*mo. Teflon w-.-e imentd in the Mmotie area. 

, Kale I)rtolic prmurc gradient U tween the 
,* Vl1, lrielc and the femoral artery, at the time 
of o|>ytiti«n, decreased /run 75 nun He price to 
Mu- |lure to 35 following H. 

A jk inoperative Ult ventricular rathetenratioo 
rex^l a 40 n.m Jly rvak lyit.Jie 
pra-he t. hi the atcer-J::,- :orta acre, the tttautit 
'* r.TiwJni aumjitomalit 

—•’•■’iH-tt 3 "at Mm at tlie aire of A 
,,c ?"'»»» Ifwnatwily a. il* lonriTi 


«l^£r 4 aortic^ cL,!kL."' ,,in,hr nnslo 6 ri,m * «"»« th < «*ou, c hM appearance of the lupra- 


/ l 
* 


• • \ 

* • t • 


•f 

4 

J • * 


.% * 


>, ' 
!\ 


rr, 

- w. ' 


• I 

V .u 
rr-?- 


’t 










• * 



l.l/t/WC.I.I /C'i A.t.ti. J, 


Fig 5 (cm* '2).—The withdrawal pressure tracing 
from ,i« left ventricle lo the aorta above tlie 
ttowii 


child of tlie mother and the only child of this 
family. A heart ir -mnur was heard at 6 weeks 
of age. 11 is growth and mental" itfifcj'.rricflrVrre" 
slow. He wot active an<l asymptomatic. 

rhyfiea! examination revealed a highly verbal 
Utt mentally retarde d child with jdiysic.il develop* 
ntent between tlie 10th and 25th percentile. lie was 
49# inches (124.5 cm) tall and weighed 51, lb 
(23.1 kg), lie had characteristic facial features 
consisting of fsotrnni-i of the ri^lit ev e, c oar-c fu ll 
< |nak >. depres sed ‘ trio-l nytal l.rLh-e and thick 
j .niiiio | j|rs (Tig 6». Tl.e suputalvulnr kvat’en of 


Re 6 (case 3).—Photograph of patient and 
hal.-brothers emphasizes llte characteristic si« 
tties of the face in this syndrome 


his facial appearance. He had mixed astigmatism 
of both eyes. A mar ked cari o us destruction 
jimnanem teeth was noted. A sy stolic thrill v.i » 
fel l in tlie ri g ht first aid second intercostal srio . 
in tlie - supra sternal notch, and over tlsc caroTh! 
arteries. The apical imptil'r was forceful *t>l patp»- 
We in the fifth intercostal space 9 cm from nuj- 

Rg 7 (case 3).—Left ventricular and aortic angiograms demonstrating supravalvular stenosis 
Regurgitation of the contrast si.lctiar.ee into the left atrium indicates mitral insufficiency A 
minor isthime aortic constriction was present but produced no pressure gr.'dient 
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Vi 


l«*. There wm , fra* ,;, tt!on 

>:«c which raJiatn] lo it* „*cSc an< i .pi^. The 
c,0 ’ ur ' wund Ml increased Tl* Mood 

”*„ ,2 ! /60 mm ,J S in •»« right arm 
W/.1 mn, Hg ,„ the left arm. Tl.crc w« a miM 
hrrrtomcny of the leg,. A jnychomctrfc exami- 

g™3 1 * raenU ' asC 01 ** Jt ’* rf »",! an 

IWt v.- ,, tri £ Mar^ri r , e ra,.|,y dcmon.tral.d » 
wn^r o.ittruetion immc .!i:Ttfn ; :.Uv£ tf^^.rT.rxr- 

'E^ypjSCTiririraaisg-sIg 

J mitral rcRur^it.iiion. The aortic valve 
»m tionnal The left Carol id arose from the | n - 
nominate artery. There wa» a 40 mm Hr ,-caJ; tyi . 

r, » *>■ llc remain* atymptomaik. 


Comment 

/Tie findings in our three patient* and in 
f!' h ‘ °i htr * reported by William*’ and 
•lurcn - indicate the practice of a rate con- 
xinital syndrome which consist* of supra- 
£lvu nr coarctation of the aorta, mental 
retardation, physical underdevelopment, and 
* c, ‘ a raeteri*tic facial appearance. 

.,T. hc ca , scs a,read >‘ ‘Ccojnizcd have all been 
jh Idfon between the ages of 5 and 12 year*. 
Mowever, the diagnosis can be made during 

e ,„ a " C> i’.‘ , / K * '!' e car<Jiac murmur is pres- 
*« at birth and the other features become 
lent durin S H>e first year of life.. 
JVmaturily and low bird, weight have 

this *ynZme b T n ° f T"*'™' ° f 

feature ° ° Ur " Cre 

Inadequate physical and mental develop- 

vir, , a . re . CO " S ! i an ‘ clcmcms -T»d present 
vi, * f a,!ure to ,hr ivc becomes ob- 

o ° U ' e /f m ' l >' in childhood and 
HnJI “!** ‘^' r 0,,l >’ "'"Plaint in the ab- 
of cardiac symptom*. The degree of 

r * r ’fki 1 1,1 


mental deficiency in the reported patient* ha* 
'aned from mild to‘moderate with intelli¬ 
gence quotients ranging from 42 to 72 It 
.* of interest that prior to the recognition of 
this syndrome, mental retardation was noted 
to be frequently associated with supraval¬ 
vular aortic coarctation. Moreover, in M 
reported patient, with annular supravalvular 
aortic stenosis not associated with skeletal 
features of Marfan's syndrome, mental re¬ 
tardation has accompanied physical underde¬ 
velopment. It should he added that the 
absence of mental retardation in isolated 
supravalvular aortic coarctation as well as 
its relative infrequency with other types of 
aortic stenosis sugge-ts that the mental in¬ 
sufficiency is n.4 a simple consequence of 
the aortic obstruction. 

An interesting element of this syndmme 
is the sinking facial appearance.'This is 
sufficiently characteristic as to permit a bed¬ 
side prediction of the aortic lesion as has 
been our experience in the third patient and 
the* of Williams and Reuren and their as¬ 
sociates. The prominent features of the ab¬ 
normal fades consist of esotropia, broad and 
depressed im*l bridge, coarse pouting lips, 
and heavy efteeks. The resemblance of these 
patients to one another and their dissimi¬ 
larity to their own family member* i« evj. 
dent. 

The supravalvular aortic stenosis repre¬ 
sents the most important part of this syn¬ 
drome causing symptom* and limiting 'the 
longevity of these patients. Among the vari¬ 
ous anatomic types of this anomalr. the an¬ 
nular constriction of tlic aortic w'afl at die 
origin of the coronary arteries has Uv.i the 
only variety seen in all of the reported cases. 
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Mcncarclli 4 first dcscrilied this anomaly, and 
ils pathology was fully studied l»y IVrou* 
wl»o classified it as • , lrllc ,, supravalvular 
aortic stenosis. Other obstructive lesions of 
the aurtic root such as nieuihraiics or fibrous 
IkiikIs, if not combined with coarctation, 
I rear no known relationship to this syn¬ 
drome. The decree of obstruction varies 
from mild to nuKlcnitcly severe. The jwak 
systolic gradient, obtained at llie time of sur- 
fiery or during left ventricular cathctcri/a- 
ibm in the II - publislied cases lias nin^ul 
foaii .18 to Ii4) nun llg. 'llie cardiac synt|i- 
toms liave sliowu no pro|mrtion:il relation to 
the systolic gradient across the stenotic area. 
None of the indents rejiorteil by W illiams 
bail any cardiac symjHonis and their gr.idi- 
enls changed from 38 to 100 nun 
]<etiren s cases, iHiwever, were all limited in 
exertion and liad gradients ringing Ivtvvccn 
50 and 100 mm 1 Ig. Our first patient with 
gradient of 145 nun llg had limited exercise 
toleiance. Tlie other two with gradients of 
75 and 40 nun Jig were free from any 
•ynt|itonit. 

It is of note that supravalvular aortic co¬ 
arctation has Urn repeatedly found as an 
isolated lesion williout the pti-sencc of oilier 
dements of this syndrome. We have «4>- 
served two |Mlicuts, age 6 and 13 years, with 
gradients of 130 and 110 nun llg across the 
supravalvular coarctation. Tltey were lioth 
normal in development, intelligence, amt fa¬ 
cial ap|iearance. 

In addition to these major features, our 
]mtieiils liave all shown variable degrees of* 
carious destruction of their teeth. Our sec¬ 
ond patient bad slight incoordination in her 
movements, flic thud one exhibited Iivjht- 
lonicity of the lower extremities. 

ITiis syndrome is congenital in origin but 
its etiology remains unknown. Jly|*rc:d- 
cemia of infancy* lias Urn suggested as a 


possible cause. Chromosomal studies * luv’e 
revealed no abnormality. 

Summary 

A syndrome is dcscrilicd which includes 
supravalvular nxirctatimi of the aorta, a 
characteristic facial ap|iearance, im|taircd 
growth, and mental deficiency. Tlie jiaticnls 
with this syndrome may become restricted 
in their activity in rhildliood am! eventually 
develop cardiac failure. 

'Hie diagnosis can lie made on physical ex¬ 
amination. This reveals a |Hvnli:ir, but dnr- 
acleristic facies, signs of obstruction of die 
left ventricular outflow, and |>liy.sic-al ami 
mental undcrdcvclojnncnt. 

'Hie three patients presented in this article 
bring the total numlier of the retorted cases 
to 1Z. 

This syndrome is congenital and llie etiol¬ 
ogy is unknown. 
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77v syndrome of idiopathic hypercalcemia of 
infancy with associated congenital heart disease 
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K I. C B NT Ml. T (IKTI in llic literal llic 
liavu emphasized n syndrom; chaiartcri/td 
by peculiar facies, inrntal retardation, dental 
malformations, and associated supravalvular 
am tic stenosis and/or pciiphcial pulmonaiy 
ailrr>' stenosis.'*' llnoft, Vrntiasscn, and 
Rlancipiarf mid Itlad: and Bonham Caller* 
liax'c considered (lie facial appearance of 
these patients In lie similar to that seen in 
patients with infantile idiopathic hypcical- 
roinia. Moreover, on reviewing the early clin- 
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•cal hisluries of older patients with peculiar 
facies, mental lelardalion and aortic mur- 
• inurs, they encounter'd many of llic clinical 
features characteristic of patients with id- 
iopafhic hypercalcemia in infancy, There 
was, however, no laboratory documentation 
of hypercalcemia in their ease*. Garcia and 
associates’ have subsequently described a 
9-momh-old infant sritli documented idio- 
pathic h))>erralccmia and Isoth supravalvu- 
Jar aortic stenosis and juriphcial pulmonary 
artery stenosis, Rouen and associates* base 
also rejMirtcd a patient with supravalvular 
aortic stenosis, jH-culiar facies, mental n- 
tantalum,- and a history of infantile hy|>rr- 
’ calcnnia. 

Iliis communication concerns 2 patients, 
aged 9 and 5 years, recently icstudicd at 
tlw ITnivcisily of Minnesota lToqiitah, in 
svhom the dingnoiis in infaucy ( / Hli«|iathic 
hyjxTcah lima ai)d associated congenital 
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lir.ul tliw.iv* li.nl Iren made. Neither |.;ilii*nt 
li.t» liyjnirnk'riiii.i ;•! the ptrsrnt linn*, 

cask nr. fours 

(iiv No. I. Tlii* white female, ilte 

I*.«»:! »r* of ;< full■ |i-»m |m gn.iniy .mil niKoinjili* 

< ..<••<1 drlhviy, m l ijjli.’il 7 puowU, 7 mime* at 
hiiili lli'iv wa« no liiiiiM)' of rxcorhc intake of. 
vitamin* li) llic mother during (hi* |in jn:nn-). 

Stic wa* tefiTred In the Uiiiveiaity ,.f Minm- 
mia II" §••1 .*!« >1 lltr jiji' <■( 0 iimn'li. l-. i.t . «.f 
failin'- •• iliiiii', |«vh "til ioi.it . ;i*.. ••.iniini 
WiMiiiiii'^ nil* »i;;«ii|ii .•••! ini* Ini^i wcic an rle* 
vat.il Wood iirra inlingi-n aw! a carili.tr mur- ' 
mnr. When li .'|iilali/cd al the age of 9 month*, 
iiiitviil.n hypotonia w.n noted. Hie caidiac niur- 
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nnir w;n liileipirtit! !•)■ one cdneiver a. tejire* 
renting xul'.iiiiiii Mrnoi*. Serum ratlin tit, pin*. 
I tin'■ tie, and alkaline pli'Kjihataie ileteniiin.il inm 
i'cr»' *• illiin ii'im.il limit* on |wu orraviun*. 'Hie 
urea nitrogen wa* 31 mg. jut cut. An in- 
Iravi-nonk pyelngiatii tli'inomlraied jvor excretion 
of 1 lie ii|i.i(jiic niaieii.il, Inn no analmnic almor* 
mulitie* woie vixu.ih/rd. 

Al II month* of age, die was urn again 
• lierauv of failure to ihtivc, jioor 01 al intake, fro 
<jianl vomiting, cmtlipaiion, p*yrhi motor ro 
. lard nii'ii, awl iiinsriilar hypotonia. ‘Jlie "elfin* 
like” facie* wat juilinil.iil)' notii'ealilc al litis 
linn: (Fig. I). Semin talrium and plioiplmioui 
weir elevated to I t.5 and fi* log. per teal, ro 
*|>eci ively. The alkaline jiliox; atair ivat normal 
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«*•»• No. I al age 9 year.. A, Frontal view. Note unuiii.it fade* with wide mouth. 
Strain*mot ha* Wen rorrcricd. B, (.atrial view. Note fl it bridge and Hubby noic. 
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Fig. 7. Cate No. I. A, lateral view uf il.ull at Ap.e H month*. Note marked Altercate In drntity 
of calvarium. /», Trontal view of wh-h at age H mouth*. Note inertated demity of bonrt 
Thor ihanget in tin. iVull and pclvit had irgirtud hy age 9 to I yeaia. 
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and «t.c Mon I urea nitrogen was elevated to M 
in*. |*er util Uiiii.d)>i» slnnted an arid Jill, Ihi 
|>i«>lriii, am! no fell*. Urine culture M'.k slctilc. 
RiM’iilgillngMinr of l!tr long I>• «i icn, jirlvic, and 
»l.ill d> •nmnrtiatrd hn it-ared density and m ferutir 
chuiges of I III* lain) stnu'loirs (Fig. 2). The 
patient'c h<i;,hl, weight, and head rircmnfeicnrc 
wore lieluw ilia tliiid pescciuile for age. The di¬ 
agnosis of idio|i.nliic hypercalcemia was made 
and die patuiil Wi adio'ii'd for fnidirr rvaln* 
alion. ljilmralinjr !•••huh d; ficnnii Na 

Iff mlvj jvi •ii-i. " I ! nd.»| fn i liter •'! 
106 ml!*]. |- ■ IKK), - 2.1 ml'a). p-i Ii'h, 

Ksr. . . | • <«0 min. (WeMergren mcdiod), 

tola! |*; irin 0.7 Cm. per 100 nil., albumin 3_S 
Gin. |vr 100 ml., globulin 3.2 Gm per 100 in!., 
1IUN 4R nig. |ier 100 ml, rrum rholestciol 166 
mg. per 100 ml., and sennit laininic 3V9 pr. jay 
IO0 ml. The mine Sulkvirildi test was jtnsiiivc. 
Uiinar)* excretion of rahiuin was 36 lo Cl mg. 
per 21 liomj and urinal) excretion of phosphorus 
was 170 lii 2a 7 mg. per 21 hum*. Vitamin A 
tolerance li st was iiimimI. Cht-alltiitic clrar.imc 
wat M per rent of normal. 

No change in temin calcium was olncrvrd over 
a 3 month period while die patient received a 
Jmv calcium diet. Cortisone acetate, 10 mg. three 
time* daily, war given over a period of 6 wrebs 
with a slight decrca«c in tciuni calcium. The 


otiiiii c .ih iuiii irl hi m il to iKumal at 22 mouths 
nf agi: while the p.iliriit was Mill icrriviiig small 
ilnvs til cortisone and icnuinnl lhmn.il when 
cmiivme wa* discontinued (I’ig. 3J. All suhse- 
tjnenl dii'imiiialinnr nf calcium have lain nor* 
nisi a* have numrious <h tnininaiinnt of alkaline 
plimjih.ilavr. Vitamin 1) wa* given in Onset of 
230 and .VW units for C week* w ithout the |no- 
ductiim of h)jn'irahmiia. An oja-n moil hinjny 
di.niomliau l final ien.il wairing with minimal 
raleiitii> deposition. While in the hospital, the 
•pi' 1 i.t passed a bladder stone and a second Mimic 
was mimml ;,i cystoscopy. Chemical anal) sir of 
the calcnhir revealed carbonate and pho.ph.itc. 
Roentgenograms of the chrst and clretrocaidio- 
gramr were interpreted as normal at the age of 2 
yean. 

'I he pitienl continued to lie followed in die 
catdiac rliuil'with a diagnosis of .e ither a small 
ventricular septal defect or aortic valvular steno* 
tit. Psychometric rxaiitination at the aget of 4 
and 7 ycai* irvealrd an IQ of SO. Right heart 
caih'trri/.itiun at llte age of 43 mouths wai 
’within’normal limits. A left heart study was ns 
performed. 

Stic war admitted to the TJliivcisity of Min¬ 
nesota Hospitals for further studies in June, 
1961. Tlte clinical diagnosis was supravalvular 
.aortic .stenosis and possible j>crij>heral pulmonary 
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I’if. 3. Case No*. 2. Summary of-senim ralrimn, plie-phate, and blood urea nltiogen (NUN) 
values during infancy. (See teat foi interpolation.) 
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iiilMV Hni'i'!'. ox.mi ii.i.«(«• reseated a 

thin • bei iftil < liiltl uiili .1 jH'i'uli.if Imviim* metallic 
voire. 'Jin* •‘clfin-lilo*’ f.ieia* lemaiiied (Fig. I). 
’IV MijMmiih* Ind h<n Miijir.itly fiUHVlrd the 
jm. vinos year. I’iiihIiki « .|»ic examination wax n.*r- 
•nil. ’Ilir teeth were in.it Lully carious, Imt ini 
s^-ril'ic denial iiMlfmiii.iiKHi Mas ixHnl. Cardiac. 
es..nniii.iti>Hi mwlnl a ilitill in the wiprastcenal 

•lili anil a |iiouiiiieuf left ventricular inijudsc.’ 
A liwdt Syi kmlt *• ‘••lir t»ititttmi* nat 

heard best ah-or «*• !»• •;||:-t ;!rina| NhiI-i. 

Tltr MIINkI y eld %• .It 'Ill I'jil; i,., 

Wttniittr ««r -. ••dir «j- . ti n . IjJ. t.a'. inHuI. A 
iim nl> t.iii iKITiinirr in ausciiitntiuy blood pre*.. 
sure was iNttril iNlttrni the aim«, 120/Pi) in (lie 
rWtl »mi and 100/70 in the left aim. Klectm- 
catdiogram was inlet juried a* showing left wn- 
Itii t.l.ir jtreji.mdor.mrr and chest loeiugiiio- 
Ciann MTte imcrj.rrtrd at norin.il (Fie*. A 
and 5). 

Hijlit lir.irt catheterisation showed normal 
findings, Midi no evidence of jHihnonary a tier) 1 
»lrnr«it (Tattle I). Krirograde kfl hcail rail)- 
rleri/.uion ftom ll.e light brachial arlery showed 
a maiLt'd obstruction just above llic aortic valve. 
11k: (alhctrl ftp Was advanced smiomi lltit olw 
Mtttrlion and into the kfl ventricle on tcvcral 


occasions tvltile a cuntSiinona ]>i etsurc tracing 
tvat oM.i iii'il. A 100 initi. llg jh .iI lyMiilic jtrrt- 
Min: dillfu'iier was jiroent ItrlHctu the mpr*- 
valvular segii hi and flic amt a ditlal to tin: ob- 
atrueliiMi (1’ij:. 0). A selective left vcniiiculo- 
fram demon stilted all area of mailed ttrnmit 
immediate!) above llic aortic salve (Fig. 7, a). 
’Hie avtiidiug and de« ending aoita were hypo- 
j»la«iic. *1 his was csjiecially evident on llic lateral 
film (»“•,. 7, /»). Hie coronary arteries did not 
di- die dilatation that is frrtjuenlly seen in this 
Hindu inn, Inn the aortic sinuses M ere slightly 
dilated. 

Case No. 7. Tim 5-ycar-oJd while hm.iV, the 
jirodiitt of a full in in uucuiiijilic.iled jwegnancy, 
weighed C pounds, C ounces at birth. There was 
no history gf excessive vitamin intake during this 
|>rej;naiicy. A cardiac murmur Mas first heard 
during the newborn examination.. 

She Mas refernd to the University of Minne- 
V sota llmjiitals at the age of 3 months because 
« of a cardiac murmur, severe Iri liability, and re- 
citticni rjMVHir j of vomiting. A Grade 2 (on ihe 
basis of M) systolic murmur Mas best heard 
along the left Mima! border but Mas well trans¬ 
mitted to the hack. Kocntgrnograinj of the heart 
and electrocardiograin Merc normal, because of 



Fig. 4. Cate No. I. ElcrliooiriTiupam at age 9 years. 1% rp g 
ventricular jurjioitderancr, otherwise M'llliin not mat liiniu. 


wave in lead V# suggests left 
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I ig. 6. C.nf No. I. Wiilidi.oval pressure Irarinr, from the left ventricle lo ascending norU 
demonstrating change in diastolic pressure at ilie am lie salve and change in jxak lyrtolie 
pressure al the tile of supravalvular Mt ixaii. 
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Tilt. 7- Care No. I. d, rnuil.il view of left vrnliirulogr.im dining diastole. An area of ..jtlid 
tirnmlt it |tietrnl immediately altove the origin of the coronary aitcrirt. Coronaiy ailcrici art 
of normal caliber. Distal to lire area of ttnosis, ihc oorla it hypoplastic. flic left subclavian 
arlery ft hypoplastic. H. lateral rilin. Tlic area of tlenosit and the hypoplasia of the emir* 
aorta distal lo the obstruction it brttrr visualized. Arrow points lo dilated aortic sinus. All 
the aortic titmtrt appear dilated. Slight mitral regurgitation into the Irft atrium due to pre¬ 
mature ventricular contraction*. . 


ml. Scrum carotene remained elevated, lire vita¬ 
min A Inletancc te*t tea* nonrt.il. Rnenigenn- 
gramt of the pclvi* and long bonet did not reveal 
any arra* of increased density or tclerotic 
changes. 

At 31 months of age, tire patient was Irosjii- 
tali/od again ami tnnltiplr sciutn calcium deter¬ 
minations were |rerfousted. On several occasions 
the rahinm level sva* elevated lo betsveen 11.0 
ami II.* mg. per 100 ml. Suli'r/jnrnt seiviu 
cah him ••limitations were within normal lim¬ 
it*. Tire return cholesterol, alkaline phosphatase, 
and blood urea nitrogen were wiiltin normal 
limit*. |*syifrologiral testing at the age of dj4 
year* res rated an IQ of 50. 

The patient wat hospitalized in August, }%f. 


for further caidiac si tidies. 11iysic.it examination 
revealed a small 5-year-old git I with a peculiar 
facial appearance (Fig. II). Hie bridge of the 
nose was fl.-ilirnrd and the lip upturns'*!. Strahis- 
mus of the tight eye was prrsnit. Tlte mouth 
wat held open most of tlsc lime. The ujsprr lip 
wa* long and ovcihanging and the palate wa* 
highly arched. The teeth were carious but no 
*|rccific dental inalfonttalinn wa* noted. Her 
voice had a prominent Insane metallic quality. 
Tlic height and weight were at the tenth per¬ 
centile for age. Cardiac examination reveal'd 
no palpable thrill or unusn.il pulsation. A Grade 
2/4 systolic ejection nintnmr wat be«t Iteard 
ahaig lire tipjser left sternal I wittier with good 
radiation to the back and axillae. No rjeclion 












4- 


I 1 .Ifi Jii,-, A ’oirn, on,I Ami, non 


btttlillrt |>)C) 


E63Q 


-. 


, *' »> ) 0 •’ j - VV'I,.- > 

.v:."V.^v i/ *•. ls> • v\ 
,, • /.W: . ( V»V ' /• 

i ’ ' ; v>; £• •v # • • # v : 

* > • I •'?<'.• ••> 

* /. ••••-'' > 

•• / # 

V f\ . • • J , 

; -** t . V " 


1: W « 


c!h k or diastolic murmur heard. IV .croud 
, n Mi " “"final. A tliagitosis of |toi 

rrj| |H.fiiion.ii)' artery stinom wa* made. 

I V tumi^iH^r.iui of the chest and cl-riro- 
cardiogram were n.-niul (rig*, f) a ,id lO.-f). JV 

Viflirrnidioprni.jested right ventricular iw 

imndriamr (fig. 10/f). Rigl., |, ra „ <a ,hctcriw- 

"”‘' rd »- of an Inlra. ardiac shunt. 

A prt-suiic flung.: was noird when tV catheter 
«i|» was adv.iu i-d f.e/n tl )C main into tV right 

M|.|-r j.iifiiir.iii , aiIfiy (TaWc ,, &wi| 

lir.ui; lie* Of IV I f. putiuouai)' a „r 0 were r„. 

1 *"• “O l«.. 1 tli iitfc mji noted. A right 

vmtrii ulngrant .h i, .m^pird several area* of 

of tV ri,.|.- ujv^ulmonary artery with 
IMKlMoiwtiC dil.uatimi (Fig. ||). 

A re.,.*,a,I, Vf, heart study wa. pcrfo.mcd 
horn the right hi.,, Inal arlriy; no pre.uirc dif- 
forenre w.,s noted a, ms, the aortic valve (Table 
). A left vrufrirul/.grani demonstrated no cvj. 

" , n ' c !’[ *"l"-'vah nlar am tie stenosis but there 
na. minimal nan owing of thr ascending aorta. 

. f ? fu | rMO,u ° r aortic valve appeared to 
be Imiited to a .light extent. 

COMMENT 

TV syndrome of supravalvular aortic 
ttrnoji. and/or peripheral pulmonary ailcry 
slrnm... with juruliar facies and mental rc- 
ta rust toil apjH-a.c to V a distinct clinical 

«»*tit>*. Front the clinical cvitlnirc .. . 

«•)’ and Ih.nham Carter.* ||,vl*. 
maso n, aiut Jil.mrrpi.art,* at«| the 
publication of docnnirniitl caws of hyper- 
ralremta in patient, with this synd.omc,*''* 


it apjHats that idiopathic li)|vrralcnnia b 
or can V an imjrortant associated feature 
of this symltonic. Since the peculiar facial 
appearance it an essentia) feature of this cn- 
t'ty, the syndrome under discussion avould be 
cx|reeled to occur in I>k*c Cases of idiotrathic 
hy|M.'icalcviuia of infaiKy ,.f the severe type 
as postulated by IMacl and Roiiluain Carter* 
ami imt in the vitamin D sensitive, transient 
form of Ltghlwood* and J»aync* in which 
the jacruhar facies is not a usual find- 
mg. 

JV possibility tl, a , nil case, of supra, 
vain Jar aortic stenwb and/or pcritVral 
pulimMiar)* artery stenosis with menial re¬ 
tardation and jtrciiliar facies represent pa- 
tients with idiopathic hypercalcemia of in- 
fancy remains a most pro vocalise drought. 
Tins would then represent a .j^cific nrcla- 
Vhc disturbance. Since the cardiac lesion 
may Le picsent at binh, as suggested in 
many ...stances by the presence of a cardiac . 
murmur in the newborn period, the rrossi- 
bdity of a metabolic disorder during fetal life 
nutsl V considered. 'Il.c exact cause and 
efTert or li)|r, rcalcrmia alone or in the syn¬ 
drome under discussion remains unclear at 
die present lime. Induction c f h^rercahxmia 
... cv,m irmental animal, d- ring various stages 
of pregnancy may yield ...ore infonnalion on 
dm ipnt 11,ere could well be a critical 
tune fur insult to tl.e fetus, a, )„ ,ht ,na- 
• U ' ,n: ' , r ‘'^ ni *>-ndron^ TJ.i, vxnild be eon- 
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n*. 0. Cue No. 2. Frontal roentgenogram of die 
thru, normal 
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sklent witfi tin* (•liM'tv.'tlioit tli.tt only n 
initioi ily of cate* **f idiopathic It)|«-i(alcnitia 
m.iiiiffsl tin: cardiac bloii* of supravalvular 
aortic ttrnonj and/or |tertphcral pulmonary 
artny stenosis. )ta<,blind, Oolinlo, and Ar* 
casoy” rrvinml 53 (nthlidied cirat of idio¬ 
pathic hypercalcemia and found no re- 
jrorlt d cue* of supravalvular aortic stenosis 
and peripheral pulmonary artery stenosis. 
Alllioi ij;Ii a variety of lesions (edema to cal- 
ririration) of the endothelium and media 
of (Ik* amending aoita have Irecn produced 
in the experimental aniin.d by laigc doses of 
vitamin I),’ 5 the relationship of lime lesions 
to the supravalvular aortic stenosis observed 
' in patients with idiopathic hyjrrrealccmla of 
infancy Remains to Ire demonstrated. Supra* 
valvular aortic stenosis and peripheral pul¬ 
monary artery slenosis can'also occur as 
• isolated findings, the latter defect being re¬ 
lated to maternal rubella In pregnancy In 
some eases. The syndrome under discussion 
currently accounts for only a, fraction of eases 
of supravalvular aortic stenosis and periph- 
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Fir. KM. Ca;e No. 2. Elccltoutiliorratn it see 5 yrsrs. Siniit larb/cardia, within normal 
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iji. toil. Vrrlorcardiogram MhmSh sytUri 

vt rlrriradr (hrrmi (SVKC III). Tcrmi.u 

Imcc. of il,c <»US,ft loo,. |„ ,t,c lmrl«n.la| p|a„ 
are dirrrlrd po.lrriorly and to the right ».i BC r»( 
njjlil Yritfncit1.tr j*«)x>m9<rAiirc. II, S, and 1 

»« "winal ilandaiiliutioii *3 
(S — f-efl Mgitial.) 


cwl pulmonary an C ry iimnw. Whether or 
not mine cases larking lire typical facies may 
*. **■ rc,! » , ‘J to calcium or vitamin J) 

• disturbance it Mill undetermined. 

JTic 2 catrs in this report terse to illus- 
Irate the oceurrrnrc of tt.pravalvular aortic 
M«nmi* and jrrriphcral pulmonary artery 
tl.nmit at isolated entitiet in association 
jyilli idiopathic h)-perralcemia of infancy. 
Ircvjoui comtnunicationt have stressed the 
romliined occurrence of peripheral pulmo¬ 
nary artery stenosis and supravalvular aortic 
tJenoMs *• * Additional catct of isolated pc- 
nphrra! pulmonary artery tlenotit in thit 
tyirdrotnc can \ K ex,reeled at more catct erf 
idiopathic hy|* rralcnnia are itudiixl. Roth 
palirnu exhibited the |rrruliar honrre, metal- 
Im vinro and rhanning jrcrsonalily, at cm- 
plowed liy Reiirrn and associates* to be 
characteristic for thit syndrome. 

In addition to the 2 catct reported lu re, we 
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tncMlogram eWn,trating »ru of mild stenosis 
ami |«o.l.t. nolle dil.UalU the rlglil inyjrr irul- 
rnonxry .illny Amlw points to an area of tlenotit. 


studied 2 other palknit with supravalvular 
aortic tlenotit, peculiar fachs, and mental 
retardation. Peripheral pulmonary artery 
tlenotit was demonstrated a bo in both of 
. there patient*. In eacli intiancc the facial 
cliarncleiitfict and especially the peculiar 
honrre metallic voice were timilar. One pa¬ 
tient alto had a cleft lip and palate.. Al¬ 
though no documentation of hypercalcemia 
wa* pietcm in either of there case* during 
infanry, a review of the clinical history re¬ 
vealed tome clinical features of hypercalce¬ 
mia. Cardiac murmurs were recorded in only 
5 of the JO catct of idiopathic hypercalcemia 
studied at this institution and were judged 
to be significant only in the 2 caret dctcrilred 
in thit communication. 

, Gciretie studies have been rr|iortrd in pa¬ 
tients With the syndrome of supravalvular 
aortic stenosis, mental retardation, and pe¬ 
culiar facies.*- •• Reum. and a.s«ciale*i •• 
fouml no rhiomotomal ahuonnalitk* in three 
patk-nit with this syndrome. Merrill and 
associates" studied 8 unrelated families with 
t »t syndrome by jredigret ana , ) ^ il ,„ d 
chromosomal studies. In only one patient was 
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diene a rln. •innvoin.il atmninialil)'. 'Itiis tool, 
llic form of a "■Ili/17 idimk with an ex Ira 
rhininosoinr i.-oinhling || M . J/i.op gnmp.” 
Jin 1 )* < nnrliuli'd dial there were 2 gmups of 
jiaticnts villi Mijii.naKul.ir aortic »lew«k 
*J1u* fust gimp includes die ‘V| reread it cave* 
"idi die* Conplcte syndrome," and tlir second 
K'On|» im hides “familial case* in wliirli dm 
•trail is liatiMiitind as an niiio.oin.il doininanl 
villi varialili* expression, larking menial ic- 
lanl.ition and farial similarity." 'jlunc I wo 
studies dm* jrereiil lo lilt* absence of a sj>ccific 
rliroiiuHont.il abnormality in tliis syndrome. 
Tlicrc is also a picjmiulcrancc of females 
among die irjtorlrd eases with lliis syndrome 
(Hof 21 ).»«•» 

Hie Idood pressure lias Urn observed lo 
lie higher in llic right ami than in dte li ft 
in Ihe great majotiiy of rejtorled jtalicnts; 
this finding has Urn attributed, in some 
rases, to stenosis of llic left subclavian arteiy. 
However, |irrs<urc differences aim have liern 
noted in patients wfth supravalvular aortic 
stenosis who had no ujtparcnl hyjuijilasia 
or stenosis of the left subclavian artery*. In 
these cases, die jiresstirc diflerenrc lictwceii 
the antis may lie related to the jet caused It)’ 
the stenosis. We have nteasmed the pressure 
at tlic various regions of the aoitic arch in 
one patient with siprnvalvular aortic stenosis 
during operation, and have noted that the 
pressure in the ascending aorta in the region 
of the innominate artery svas higher than 
that measured in the region of the origin of 
die left subclavian artery. In the patient 
re|retried here, the jnessurc in the legs was 
die same as observed in the left arm. 

Hie anatomic features of llic tyjies of *u- 
|travalvular aortic stenosis represented in tliis 
s)-ni!roine are of considerable interest. IYiou” 
has rlassifird supravalvular aortic stenosis in¬ 
to threr groujts. In tires first group, there is a 
circumferential ridge or shelf of media awl 
mtiina jirotniding into the lumen immedi¬ 
ately above the aortic orifice, producing lire:* 
linui-gl.-m tyjie of deformity, 'lliis gioup is 
ronsrelered the "lrue M form uf supravalvular 
aortic stenosis! Tlir second giotiji inrhnles 
cases with a discictc membrane oU(riietin<; 
the lumen. 'Hie third grouji includes the non- 
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obstructing membra net, cords, or liands 
stretching across die aw tic wilier. A review 
of tire* angiogiiijihic and pathologic lejreuls 
of this syndiitme reveals that the iiiujotily 
ttf cases have lire; hourglass type of defomiily 
(Gioiiji 1). lu only one instance was a sipro- 
valvtilar memhranc rrjiniird.’ Iktirvn and 
associates* have |winlcd wit die finding of 
hypoplasia of the arch and descending aorta 
in this rondithrei. 'llic hranches of die atretic 
arrh may also lie hyjiojtlastir. l^rss enni- 
nionly, Ihe entile aorta distal to the dbstruc- 
tion is hyjmplaslic, as demonstrated in tlir 
jm-sent raw. In the majon'ty of cases, Irene- ' : 
ever, the ascending aorta became of normal 
cafilreY'iiniiiediatfly above llic stenotic none. 

The h)i>oj»lasia of the aortic arrh may form 
the Unis for * die previously emphasized 
"emptiness of the aoi lie knob” on tlie frontal 
roentgenogram in this rondition.* A prom¬ 
inent ductus diarrfirtihiin is frequently seen 
willi angiograjihic studies and has been con- 
sidcird specific for this caidiac anomaly.* We 
have ultservcd pioiniiicncc of the ductus 
diverticulum on aorlograms in patients with 
other congenita] caidiac malformations. Tlic 
diirlus diverticulum may well be ncrrntualcd 
in this condition by die hypoplasia of llic 
aortic arch, 'llic aortic sinuses arc frequently 
dilated and tlic coronary arteries commonly 
are markedly dilated and tortuous. In die 
occasional ras- with dilatation of only one 
of the* coronary arteries, deformity of the 
aortic sinus with oUtrurlion of blood flow 
to the coronary ostium of tire: hy|Kplastic 
coronary artery may well be present. This 
, ba* Irern rrjresrlcd earlier in eases of supra¬ 
valvular aortic stenosis without mention of 
facies.’*’ »* 

It is apparent that the trialionshp of 
idiojiathic hyjrciralccmia of infancy to tlic 
syndrome of mental retardation, |N-culiar 
facies, pcrplicr.il pulmonary artery stenosis, 
awl siprnvalvular aortic stenosis is still jreresrly 
understood. Further 6bsrrv.il ion of |>alicnts 
with kliojiathic hyjiercaleeinia of infancy 
coujiled with exjieriinental animal studies on 
tlic effect of hyperrnlcoinia and vitamin 1) 
on llic d recloping fetus should be mod help¬ 
ful in this regard. 
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Vitamin D aiul tlic Supravalvar Aortic 
Stenosis Syndrome 

The Tmiwphiccnlal Effects of Vitamin D on the 
Aorta of the Rahhil 

n y Wjujaxi F. FmrnMAN, M.D, a no \Viiaiam C. Ronn. ,, M.D. 


D I'-CliNT UKPOtlTS have indicated that 
idiopathic infantile liypcrcnlccmia, a dis- 
****** ,n deranged vitamin 1) mrlalto- 

lisin,*- 4 may l>c a feature of the notjfamilial, 
congenital cupravaK-ar aortic stenosis *yn- 
diotnc.*"* Other manifestations of this syn¬ 
drome include mental retardation, a peculiar 
"elfin" facies, narrowing of peripheral pul.no- 
narj' and systolic arteries, strabismus, ingui¬ 
nal herniac, ’ml dental abnormalities* Con¬ 
genital supravalvar aortic stenosis and 
peiipInTal pulmonary arterial stenosis also 
** xi,r in a familial and a sporadic form unas- 
lH- other features of the syn- 
dromc. , *- ,a It is not known if tlic multiple 
system involvement in the supra valvar aortic 
stenosis syndrome is genetically determined or 
svhcllier some or all of the features arc related 
to a derangement of maternal or fetal vitamin 
D metabolism, or a combination of the two. 
/A paucity of information exists regarding 
the effects on the fetus of induced maternal 
nypervilaminosi* D, a*-d there appears to be no 
direct evidence for transplacental passage of 
vitamin D. M -‘*phidies concerning hypervita- 
minosis D in tin: nonpregnant animal empha¬ 
size the vascular toxicity of the vitamin.”-* 1 
Administration of excessive vitamin D to 
animals Iras been slwnvn to produce dosc- 
wlatrd vascular lesions, ranging from suben- 


Pram thr Cartltnlocy llranrli ami llv t_it>oralnrv of 
rallMilngy, Clinic <U Surgery, National Heart Iixti- 
Me, Md-mU, Maryland. 

IWnttd in part at The Fiilmitli Ammal Scicn- 
Mfc S«sMn of the African Cnlh,* nf Cmliulugy, 
Chkann, IBmnit. Frlmury 3, 1000, and the Thirty- 
•Mil Annual Meeting of t)* Sockiy for PciliaUie 
i .. 'arch, Atlantic City, New ferny, Apiil 20, 1000 
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dothelinl edema to calcification, which are 
most pronounced in the ascending aorta just 
above the aortic sinuses. The pathogenesis 
of these vascular abnormalities is unclear. 1 * 
I ilic present stud}' was undertaken to deter¬ 
mine wlttilwr vilamitrD crosses tlic placenta, 
and to explore the rehtlionsbip Ix-twecn hy- 
pcm'ta minosis D in jbe mother and the 
development of supravalvar aortic stenosis 
in the offspringjlllood hr U of vitamin D 
f rom fem ale rahhiimgr kwiwl excessive 
anKitmli of yftomf.r P aml fro m tKriT^Tfx'^ring 
sverejhrrcfore «f< Uwdne37antl~tI»c proximal 
aortas_o , thes e animals were examined ’ uiZ: 

t omical ly. ~ --* 

• • 

HeUiodi 

. *?."*• lN, ' cw Zealand rabbits were bred 

ma ‘” 1 wi,h * different 
mate. light females fed a slock diet* were desig- 
nMed as.r -nttok In addition; thrre females*”?. 

rihm n 01 - diet especially prepared wit I tout 
sitamin D sopplemimt,. and tltosc are referred to 

wero M n ,, ‘ , ‘ J‘ l f? a .»’od'ers* Eight females 
sver 9 fed Ilic stuck diet "and, starting «n llrer Joy 

nrter.uWrw-d copelaRdn and cw.tim.1ni .T^il" 
dilhTT)'. WPrc given inlnnntMcnlar vitamin'D 
(activated ciguslcrol in cotton seed MTVdiv&~ 
eel doses every oilier day for a total Core of 1.5 
milli mi unijs. fl»cre animals are referred lo its 
mothers given vitamin D" (1.5 million units). 


i •Sl.a k .IM: Protein. 18.05; hCz* to AM, fil«. 
1357; ash, 057; caleiiini. 15 to «53- nhosoltonn. 
05 to 057; todtne. 0.0017; sah. «.5 talSfSJ 
tenr 40 gamma/g, panlotltmle acid. 8.4 g/lh; nlactn. 
15.,5 mg/*, llii.i—in, 2.0 mg/lli; rfltoflavin. 35 
mg/lh; 1 tint in, 0.1W mg/lb; vitamin C, 0.70 mg/lbi 
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•P.H V to ,, i » five females each wore fed the 
• *<<kL7«Im : iim.Jti similar fashion Were give n Iii|r;«- 

iiHisctilar vilaniMi I) for .TO May* (iIk; of 

i"' nibhil * gi slalinii.il jwifor?) begin: ilng-llie 
dayuflrr nkmil oipiil.ilion, for Mai amounts of 
2j>i 3,5, ami ‘1.5 million units. respectively. “ 

,nw,,K 7 *.»'mJ five given vitamin 
JJ-o.mfllKiii units) were miriiftivd 'with tlioir 
progeny slwrlly after delivery. Prior to sacrifice 
luood was il i.iwn from each mother for deter* 
niinulihii of calc-ium, plmsphoms, alkaline phos- 
phatase, dmleslerol, total protein. albumin. li|>o- 
protein plienrt\pe« and vitamin D. Similarly, 
blood for ralcinm, )i|>oprotcin pltmotypc. anti vita¬ 
min D dctrrniin.ilion* was obtained from each 
neonate. To obtain an adequate amount of scrum 
lor llie vitamin I) assay, samples were ponied 
finm as many ns three ncwlmrns from the same 
litter. Tlie vitamin D bmassay 88 measurer] tlie 
res|>onse of rachitic rats to serum fed hy stomach 
Inlie with tlie standard line test, as modified liy 
Shne and associates. 8 * Tlie rachilogcnic diet and 
mellmds ek-sc.nl ml in lire A.O.A.C. metliods of 
analysis were eiopkiycd. 3 * Four or more rats 
w<tc used for each assay. 

Autopsy was performed on each of tiro five 
cooTroI and on rath of tlie five mothers Riven 
vitamin D (1.5 million units) ami on tlioir off- 
spiniR. Tlie tissues were fiu-d in 10tf Formalin, 
denydi*trd in alcohol, rir.lieddrd in paraffin, and 
sectioned serially at 6 p interval*. The sections 
of lieart and gir.it arteries of each of the offspring 
were stai.ieil and examined histologically. In ' 
addition to hematoxylin and rosin, tlie Iteinliarl 
(lor muonpolyxnccliarides), elastic van Cieson 
(for elastic tissue), Sudan black (for fat), and 
peril die ockl-Sctiiff (for glycogen) stains were 
cinpliM eel. • 

v To evaluate anatomic changes in growing off- 
spring given small daily quantities of vitamin D. 
three control mollicrs. three vitamin D-deficienl 
molliers, and three motheis given vitamin D 
(1.5 million units) were not hied or sacrificed *' 
after ch livriing tlie-ir oflspriug. After parturition 
the three, vil.imin D-deficient mothers were fed 
the stock diet and |iermillcd to nurse llieir off- 
spring. l"o avoid tltc consumption of large amounts 
of vitamin D from maternal mill, tl*o offspring of 
ll- mothers given vitamin D (1.5 million units) 
wcie mused hy control molliers. jhe latter off* 
spring ns well ns those of tlie controls were 
lliereaflcr fed 230 noils of vitamin D pcs- day.* 
\Mienever death oeenrred sponlnncoeuly in one 
of llto o/Tspiinj; of llic molliers given vitamin 
1> (1.5 million units), a rabbit of the tame ago 
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iMirn to a enutrnl luollier and' to a vitamin D* 
ch fiefent mother was suciificcd. All of llie re* 
•naming offspring were sacrificed at 3 months of 
age. Gross and microscopic- examinations of tlie 
iK/irlx fl#M * vessels were cnrrictl out in each 
rooljlt. 

Results 

Tlie results of the analyses of the scrum 
of llte mothers and offspring arc presented 
in table 1. The levels of vitamin D were 
strikingly different in the various groups 
(table I), flic lev els in the mothers given 
vitamin D (JS million units')' and In llieir 
offsprnig wer e 7 and U times greater tl»an~ 
llm c°i 1 1rolx,_ respcHrliyely. Othdr~iKan“lKe 
levels of vitamin D there were no statistically 
significant eli/Tcnners in any of the other 
measurements bet worn the groups of mothers 
(table 1). The calcium levels were somewhat 
lower and the phosphorus values somewhat 
higher in the mothers given vitamin D (13 
million units) when compared to tlie controls. 
Significantly higher serum cnhfum hwcls w ere 
oliseryed in the offspring of the mothers given 
vitamin 1) (1.5 million units) when compared 
to Uir coni rols.'TJic high semm calcium levels 
noted in this study are in the same general 
range ns those reported for the normal ralrbit 
by others.*" Cholesterol values were not sig¬ 
nificantly highiT in the mothers given vitamin 
D (1-5 million units), and there were no/ 
qualitative difTerrners In the clectrophorc 
lipoprotein phenotype-*. llie control mothers 
and the mothers given vitamin D (1.5 million 
units) had chylomicron, Ix-ta (/S-), and alpha 
(a-) lijxiproteiu kinds of equal staining inten¬ 
sity. All of the offspring showed k-ss intense 
fl- and or-lipoprotein hands than their parents, 
hut there were no differences in staining inten¬ 
sity lictwccn the twn 'roups of offspring. 

Anatomic Olurrvilloii 
Adult Frmatca 

TTierj^werc.no gross or microscopic ahnor- 
malilies in tlie hearts or aortac of the control 
neither*. AH of (lie females _gi\irn 25, 3.5, 
and AS million_pnits of vitamin D died 
s^ntaneotisiy within G5diy* after their firtf 
injection of_ thc_vilainin,. and all tliat con- 
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crn« cl cither aborted during the first 12 day* 
of or delivered macerated 

•n- norm of end, of these adult ml5 
Mowed ad.nneed clung.-*, including irregular 
cE-pressiou* in (lie intimal wall, focal cnldu.n 

n an<1 fOC ‘ ° f (,0 « , nrra,ion »"d nccro- 
«* of the nor(, c media. The nor(ac of (he 

showed *",nbr hu( l«* striking change*. The 
aTu-rntiom were mo*( pronounced in (lie 
proxima! portion of (lie aorta. 

Offspring 

Control Nenhorn, Hoe •iced of,or Deliver* 

*!l.c aonic rool, of (he 23 control neonate* 
lG.c_hisiolog.caHy normal. The normal invagi- 
nahon or plica art he upper margin of the 

lZlZ r V “ l 'f’ a ?” " a * ° hscrv « 1 *" *»ne 

32*31 ° , Cat ' h , of - tho,c * aortl, c. indicating 
that (lie plica docs no( extend around the 

entire inner circumference. The medial thick¬ 
ening (hat accounted for (his invagination 
ippcared moderate^ cxaggeraled (fig. 1 

*?. tH vc th r 23 ,,ortac ' bu * *n »«»c ■- 

• it be.Jcxcd to lie of sufficient proportion 
narrow the norlic lumen significantly. 
Older Control Offspring 

l 22* ,hr r * cc l ,tlon of a ventricular septal 
detect in one, no other-abnormalities of the 
heart or aorta were found in tlresc 12 rabbits. 

“c oonnal snpravab-ar aortic plica did not 

animi!u. U, ” !X " a,,y ,>r °' n " K,,,t <n an y of these 

Offspring of Vitamin D-Deficient Mothers 

No abnormalities were observed in these 
nine rabbit*. The supravalvar aortic plica wa* 

k "' in no, " : m * **>*— '• 
fiftSLfgffr «**• v *~» o 

HliUKOJip. werejipnuaJ, and 11 of thesTl4 
nortae -bowed on exaggeration of the supra- 
va.var plica similar to that observed in (lie five 
controls mentioned above (fig. 1 right). The 
higlicr incidence of this finding j„ this x-itamin 
. ^“'P *’ bc " compared to the controls is 
significant (/•< 0.001). Four ncwlwrn rabbit s. 
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»*"i * co,,te '«»" “) e,.„0<W wuAorn,. ('/W/l n, L* 
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each from a different litter, had abno rmal 
amlac . In each animal there was a p romi nent 
annular protrusion at the superior margin ~of 
I hc sinuse s of'Valsalva resulting In significant 
narroxving__of. _ 11t. c 1 1 unjna 1 _<-iretirj)fercncc at 
(fig- 2). Tlic protrusion was can .seel 
en tirely | >y pn ilifcraiioq of the mcdirtTthc 
inllina was normal. There was widening of. 
the spaces between the clastic fibrils in the 
inner media. Stains for glycogen, fat, calcium, 
and mucopolysaccharides did not reveal ab¬ 
normal dejrosits of these substances in the 
medial lesions. • 

?Ji ct .P.( l ' ,,r ' nr °l ^fathcra CUrn Vitamin D 

(U Million IJnllt) 

Teii rabbits died spontaneously at .2 to 20 
d ays of age. 'Hie cause of their deaths was 
not apparent at autopsy. Thcre~~wcrc no 
cardiac or aorticTalmorinalit let in the four that 
lived less than 10 days and in two lliat died 
at 10 and 20 days of age, respectively. Su pra 
valvar a ortic abnormalities we re n ot ed in the 


four_ remaining rabbits, representing different 
litters. The aorta of a 7-day-old rabbit ap¬ 
peared norma] on gross examination, but on 
microscopic examination an area of medial 
thickening and early degeneration Just above 
the aortic sinuses was apparent. A 10-day-old 
rabbit liad a nonohstmeting fibrous l>and 
stretch**) across the lumen of the ascending 
•aorta at tlm superior margin of the sinuses 
of Valsalva and a particularly prominent 
plica of the wall at this level. The a ortac of 
the other two rabbits, a 20-day-old (fig. 3) 
and a 14-day-old (fig. 4), w ere severely 
narrovved jn tbe region immediatel y hove 
the sniusesjff Valsalya^y rrlangntr-sliaped 
protrusion, or hillocks, nnd tlic aortic luinina 
distal to these sites were widened. These 
protrusions into the lumen resulted from 
localized thickening of lire aortic media. In 
addition to an apparent increase in the 
elastic Hirers am) smooth muscle cells in the 
media, small fod of degeneration and round- 
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evil infiltration also were present. The ar¬ 
rangement of the elastic filters and smooth 
muscle a lls in the hillock produced an irregu¬ 
lar pattern' (fig. 3). A focal aneurysmal 
protrusion of lire ascending aorta was observed 
In one animal (fig. 3). In the other animal, 
calcium deposits also were present In the 
media (fig. 4). Tire intima in each rabbit 
appeared normal, but the adventitia in one 
sen* locally thickened And invnginntcd into 
the media in a wedgelike fashion (fig. 3). 
1 The remaining six rabbits in this group 
were sacrificed at 3 months of age. The 
changes in their .ortac resembled quite 
closely the findings in the mothers given vita¬ 
min D (15 million units). The proximal aorta 
In these six animals showed generalized ir¬ 
regularities of rite wall with degeneration and 
calcification of tlu 1 media. *fl»e supravalvar 
area was not narrowed or disproportionately 
thickened, however, when compared to the 
rest of the ascending aorta^ 
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_ Discussion 

• Thrw s|>ecifie anatomic types of supra¬ 
valvar aortic stenosis .(SAS) have been de- 
serilx-d in the human.** ** TIms hour-glass 
type is the nost common nnd is characterized 
hy extreme thickening of the Hortic media 
producing a constricting annular ridge. The 
membranous type'is produced hy a semicircu¬ 
lar diaphragm with a small central opening 
stretched across tlic lumen of die aorta. The 
hypoplastic type is characterized by uniform 
hypO|)lasia of the ascending aorta. A fourth 
anomaly, of no functional significance, exm- 
sists of n nonohstnicting hand or cord 
stretched across the lumen of the aorta at the 
level of aortic leaflets^ 

According to Perou,** the most common 
basic lesion is an angulation and exaggerated 
infolding of the wall with a thickened and 
locally disorganized medial layer capped by 
a zone of inlimal thickening. The infolding 
may Ik- shaped like a hillock or triangle 
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Heart aorta In a 90-doroU rabbit uJ.ou> mother had received vitamin D. (Upper left) 
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•dd rcbldt uhose mother •cot given vitamin D. (Left) The scaU 
*rr ° \ A f Ca h , " a,lrJ,v (brocket?) and butca 

, of r fw* ' * WU " tU tU<! ,,,w,on,icro C"’l>b on the right. Areas 
\ehik rv e u,n «* A. V, aortic sudoa. Hematoxylin nZ 


ma me - calcification also have been noted in the hill* 
i lomen oek. [Similar to the vascular change* fa the 

Hon, and animal given excessive vitamin D, the intrin- 

Ffaurn 3 (continued) ' ~--;- 

ventricle (L. V.) and left atrium has been removed, and the 
. . > c the aortic valve (A. V.) Is arrowed cut 

■ c nonary artery (C. A.) Is dilated. A fecal 
r ascending aorta, (turner left) Section of 
- - -— v? septum (V. S.). The prom■ 
ir-shafieil, u llli the apex pointing towed 
irt. Hematoxylin cut rosin; 
smooth muscle cells In tlse 

as si s. i ' X I07, V**** *<&•) View of another 
At this Hie the adventitia has Imaglnatcd In a uedgellka 
merlla. Elastic van Ctesom * M C 


The anterolateral null of the left .„ >v 

aorta (Ao.) o,wncd. The lumen Immediately ebon 
the aortic n oil is thickened. The ostium of the rH.t 
protrusion or aneurysm (anow) also Is present In’tin 
uel of ascending aorta, aortic ealoe cusp (A. V.), and ventricular 
them supravalvar aortic lesion (’ ■ ■ 

the lumen. The aortic valvar r. 

X 7. (Up/tcr right) Close-up s lew of the irregular imtlcrn of Hie 
supravalvar area of thickening. Hematoxylin and 
region of flic supravalvar lesion, 
fashion (crate) Into tha thickened 
OuaLtlaa. Vrtsmr.XXXtV. )stf 1,40 
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mV |Mth..|.igy involve ||... f imtT nf „, r 

SAS '!»•• claMle filnrs an- l.ml.n 
.HMl eIiM.ig.ini/e-el. Tlw-n- an- f.x-al increases in 
interstitial fibrous tissue- and an irregular in* 
ciraw! in Mnnolli muscle*. Tin- adventitia is 
usually normal. Imt in one „f IVrou’s patients 
it invagiunte-el into the media in a wcdcclikr 
fadiion.** 

rilic- aoitie wall of many normal human 
ticwlioriis c\lii!)iu r»n incomplete transverse 
infolding or plica at the upper margin of the 
sinuses of Valsalva that is conspicuous in 
some normal aortac hut practically absent in 
others. 1 *- *" SAS is thought to Ik- a dcwlojv 
mental exaggeration of this normal struc- 
turc. w - *^j|TIkj present study demonstrates 
that this mild angulation and infolding of the 
aortic wall occurs in normal rnhhils with 
var>-ing eh-gre-cs of prominence. Exaggernte-el 
prominence* of the nonnal plica oevnrrcd 
without appaniit narrowing of the Innn-n in 
a significantly higher pmvnlagc of rabbits 
l»orn to iiioIIkts given vitamin D during 
pregnancy when compared to the controls] 
The aortac of the offspring whose mothers 
were fc-d a diet lacking vitamin D, however, 
also showed a supravalvar plica, albeit of 
lesser prominence, suggesting that the pre-s- 
cner of the invagination docs not depend 
solely on some action of vitamin D. 

I In the present study, e ight offspring ex- 
• P 01 ” 1 in 'tlrro to high le vels of antirachitic 
suhstaiKT, presumably vitamin D, and to the 
maternal hitM-hcmical prnehicts of excessive 
administration of the- vitamin rcve-alcel parte* 
ological almormalities confined to the supra- * 
valvar aortic wall. In six instances the- aortic 
le-sfons se riously imping.-d on the lumen and 
demonstrated essentially nil of the histologi- 
cal feature’s of SAS as wi n in man^The 
aneurysmal phitnision of the aorta of one 
rabbit has Ine-n oWneel in a similar location 
•n SAS in man.” A nonohslrue-ting delicate 
fibrous hand crossing the proximal neirta was 
present in one rabbit. In another rabbit a 
medial le sion was microscopically evident ah 
though no gross abnormality was ele-tccte-d. 
fThc six offspring which were sacrificed at age 
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3 mouths showed t e pafbnh.-gi al ehn.iges 
ass«H ial«-el with vascideitei-ifc ^ ,,, t |, c at ; u | t 
animal, 11 ^ alllmngl, the, received a cum¬ 
ulative- oral .lose of only 22,000 units of vita* 
mm J) from birth, leading one to ejurstion If 
tlie-y were- preelisjxiseei to an increased tissue 
se nsitivity to the- toxic .-(feet* of tin- vilamin.J 
• J rgn* lhis_study i t , n .ay I k- coik hided that 
a nhra^- hi* icjn ij £tancc_cros*ci fjlhel a m or liori- 
"Lm: 111 - 1 _°f ra hhit anel that The. vascular 

across thej_p]a.«-nla. Ther e are- e h finile simil- 
arit.^ciweca. SAS in. the human aid* the 
lesi ons of the aortae- i n the offspring Tvhose 
molne- rs rex-e i^xltai n i^lFrWnn 'f ^r^ 
in gs it seems re- asonahle to sugg est that an 
fL'J-H'P ch^'JUjemmi in \-ilam in D meiabo- 
lism on the part «f mother or fetnsjor of'berth 
inay> responsible for SAS, cs'p^ciaT|y~Vh^ 
the latle-r is as sociated wiihjnfantije- hnxreah 
«lma. 1 t lx ne-ce ssary. li ( m cm. m lcaiiWom’ 
. an a na log y~Ix1 ween tlie e-xper i* 

mental animal mo.h-1 jncTT hV^h Tie^lTIi^Sg 
Ileeaii.se- of the jxjoily imd'erstood aml'iii^dy 
coinple-x interaction Ik- tween environmental 
nnei genetic factors tliat arc involve-el in the 
gene-sis of huin-.n malformations, It must be 
stressed that our study decs not supply a 
simple e-xphmntion for the syndrome of SAS 
anel infantile hypercalcemia, hut rather raises 
many questions. No mplmsis l»a« been / 
plne-ed on the prophylactic and therapeutic 
implications of the experimental findings. 
Fusilier investigations will necessarily be 
. stimulated by such considerations and hope¬ 
fully will clarify the basic ge ne tic, metabolic, 
and pathological mechanisms involvexL 

Summary 

Pregnant rabbits were given high doses of 
vitamin D to de termine whether the vitamin 
crossed the placenta anel to explore the rela¬ 
tionship between maternal hypcrvitaminosls 
D anel congenital supravalvar aortic stenosis. 

The blood levels of antirachitic si distance in 
the mothers g'iven vitamin D and their off- 
*prh.g were 7 and 0 times greater than In 
the control mothers mid offspring, respective¬ 
ly, indicating that traiisplaccnraj passage oc- 
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VITAMIN’ O AND AOJITIC STENOSIS 

tiirrfd. Scrum calcium lewis in (lie offspring 
whose inollurs n reived vitamin D were sig¬ 
nificantly higher when compared to control 
value*. A total of 14 abnormalities of the 
aorta were not<*d in the 34 offspring whose 
mothers received vitamin D. Aortic lesions 
that appeared similar anatomically to supra* 
valvar aortic stenosis in man were noted in 
six rabbits. Also, one rabbit showed a supra¬ 
valvar filirons hand and another had an ab¬ 
normality of the proximal portion of die 
aorta observed only on microscopic examina¬ 
tion. Six additional offspring at age 3 months 
showed generalized vitamin 1) vasculntoxic- 
ily, without supravalvar narrowipg of the 
aorta, of an advanced type commonly seen 
in tile adult animal given massive dowx of 
the vitamin. Thirty-five control offspring and 
nine rabbits Iron. to mother; on vitamin D- 
deficicnt diets showed no abnormalities of 
the aorta. The results suggest that on in uicro 
derangement in vitamin D indalralism on 
the part of mother or fetus, or of both may 
be responsible for supravalvar aortic stenosis, 
especially when the latter is associated with 
infantile hypercalcemia. The questions raised 
by tl* experiment*! findings arc emphasized. 
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Gains front Serendipity 

neaders who remember Bible stories will recall that Saul, the son of Kish, war sent 
forth to find his fallicr* asses, which were lost. In tho discouragement of his failures 
to rind tuein lie consulted one, Samuel, a seer. And Samuel told him not to sot his 

"it 0I ? !, r°« U, 7 !.* ad Ucn 1m,< lo know that he was chosen to rule over 

all the trilies of Israel. So it was announced, and the people shouted llieir approval. 
Thus modest Saul, who went ou> to sock lost asses, was rewarded by a kingdom. That 
is the earliest record of serendipity 1 am aware of.— \Vajlti:ii BnAoronn Cannon: The 
'17!? ' , l nvct, ‘& ,or - * tw Yoric . W 'V. Norton & Co., 1945, p. 6S; also in Serendipity 
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,r;!,i ,n »"*•«» Iwisil *!zym t ‘, "''rvion'"'‘l ! ’l°: lri ' ,n - rnI r'""«o* of 

r»*c studies contribute valuable j„. « u ,y S «" 

formation iiIkni* hormonal relation o'' «V ,t,r 

cn *j ,nc W‘*ynU«*k They likewise extend Ij,,,,. ° UT of i»vc»tiga- 

# 

C0XCfmML A«mc s. 4 os,s. IDIOPATHIC 

111 * »-KCAF.ChMIA, /\!\D VITAMIN D 

genital «tt*a£wZ££e *"•>*" nt *mte end eon- 

by edmlnUirotion of ,,„„„Yc do*. „/, „.J n n ™ "*»• 


Idiopathic liyjtcrcafaitiia of infants lias 
wen recognized for the past 15 year# a? a 
came of poor infant development, mental 
retardation, characteristic “elfin facies" 
rfrnbbniua, inguinal hernias, nm.Hiil.nr hy- 
• Pottiiia, osteosclerosis, and dental abnoY- 
nia.nie, ( n. C . Jdghlwood, Arch. ]) !t . 
ChtM 2< f 002 {10 *?)). In addition to },y- 
pcrcaKcniia, these el.ildren shew elevations 
of blood urea nitrogen and cholesterol, 
rcn.nl dysfune)ion, and systemic hy|*rlcn- 
sion. they ran be .undivided into a benign 
Uioiip, which have a short solMiinited 
C0 " uc ‘ ® fH * a l " or ‘‘ «tvcro group with « 
grave, often fatal prognosis. The disease at 
finl «-e,ntd to I* virtually !in.itr<l t« the 
Bn I:> | Isles and Sweden, but recently re- 
ports have Im-cii coining from the Continent 
ml lire U.b.A. Its etiology j« oh t c.ure, al¬ 
though an unusual.emotivity to vitamin D 
or a congenital defect in calcium or cliolcs- 
tciol nietabobsni has been jmstulatcd (AV 
tnh°:t tfcncics I f, 333 { 1030 )). 

(1 J!"‘ cI T fi "' likc / a t rics "fit-el. in part, 

! I( 5 ••’"d the unit,nc dentition pat- 

. tern, Both deciduous and jiennancnt teeth 
may be incomplete in number, and incisor* 
in particular may Iks absent or at least 1 

.W ^ K ° l onl >- is "» rlmp* o( ] 

0 teeth unb|no in round crowns, but there 

»s aim a marked dysgiiathi,,,,. \ Knrc]l for ] 
cliromosoin.nl abnormalities ha* not l>een r 
rcu aiding, ami mo -1 documented ease* of 
hypercalcemia have occurred in childien n 


* fio.n mother* receiving no vitamin suimlc- 
) meats and pursuing no unusual dietary pat- 
> tern. 1 

Recently an association ha* been mad* 
bctw.vn tlw occui rence of idiopntliio liy- 
■ ) wren I rein in 0 / infant# and the cubseriucnt 
development of supravalvular aortic ste- 
v"°V s < n - B - Garcia, W. P. Friedman, M. M. 

V'riu 3nd D - n ° wc » <Vci ® E n Ol J. 

Mot. 271 , 117 {10<H)). There arc thro* 

anatomic type* of supravalvular aortic 
stenosis: a hyjwplasUe aorta, n diaplirng- 
mni.r nr manbraiious ty,* 0 f obstruction 
"'"i a central orifice, rnd, (lie moat 
common, an hour-glass tyjxj: a constricting 
mnmlnr ridge of thickened aortic media. 

,a,tcr •yp® "lay occur s|xnadicallr, ns 
"ell as faniiliallv, -and may or may not bo 
««-oeiated with other rwidm .1 feature, of 
hyiKrealecmia. It was first observed by 
J. A. Black and R. E. Bonli.nn-Carlcr 
\bn,rc! 2 , 7\5 {JOGJ)) to. be associated 
«»tb (be clinractcrislic facies, mental re¬ 
tardation, and dental deficiencies of chil¬ 
dren who may previously have been hyixsr- 
ealrciine. Afore rccriilly, several rase* of 
supravalvular aortic stenosis have been 
presented which had a documented idio¬ 
pathic liyjtrrffllrcniia in infancy (K. Ij. 

»* 7 - ?* Noro,, * fl,,d 11 C • Anderson, J. 
led,at. 67, 1130 {I0C5 ); Garcia and co- 
workers, foe. eit.). 

To investigate (he possibility that Otis 
association couM bo duo to a maternal vi- 
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Inmin D excess or a derangement in vita¬ 
min 1) nu-tubuliMii, the following c\|)i‘ri- 
ment was performed by Fridman and 
»> . C. Roberts (Circulation .‘5 1, 77 (10CG)). 
Ki^bt control and ?3 experimental female 
nd.l.ii!. given I a rye do*os of vitamin 1) (ac¬ 
tuated crgo>ter«il in cottonseed oil) were 
compared with regard to the extent t.» which 
vitamin D was transmitted ncro.-s the pla¬ 
cental barrier at the time of delivery of 
their litters, ami to (he presence of ana¬ 
tomical change in the ascending aorta both 
at delivery and at various times up to 
time months of age, at which time all re¬ 
maining does and their offspring were sac- 
• »fined for autopsy study. Wood of docs 
ami neonates was examined for vitamin ]> 
by. the rachitic rnt biossay technique, and 
for calcium, pUsphoru*, alkaline, phos¬ 
phatase, cholesterol, total protein, albumin, 
and lipoprotein pattern. 

1 here were eight doc# fed a control stock 
diet ami time more fed cn other.vLc timi- 
lar diet deficient in vitamin D throughout 
the |K'iiod of observation. Four groups of 
five does each wore given 1.5, 2.5, 3.5, or 
4.5 million units of vitamin 13 intramuscu¬ 
larly every day from the dale after ob¬ 
served copulation. All offspring, then re¬ 
ceived 350 units per day of the vitamin in 
tlieir diet imlil death or sacrifice. 

At the time of delivery th« mother ral>- 
btl.r receiving vitamin D and their off¬ 
spring both showed significant elevation# 
(sevenfold to eightfold) in blood levels of 
the anti-rachitic vitamin; and the off¬ 
spring showed a tomeivh.il higher blood 
cal. inm, but Urere was no significant dif¬ 
ference in the other par ameters Ik tween 
the control ami treated groups. 

'J’hcrp were no gross or microscopic ab¬ 
normalities of (he heart# or aorta* of con- 
Irol mothers. The does receiving 2.5, 3 . 5 , 
or 4.5 million unit# of anti-rachitic „ui>- 
Mi.ncc |H*r day died sjroulnneuiidy within 
alroul two nunillis and cither .-dorter) or de¬ 
livered macerated fetuses, 'flair aortas all 
showed advanced changes of medial tie- 
r.eiinralioii with irregular dcpiv-dons in (lie 
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intimal wall, focal calcium deposit#, and 
necrosis. These have been well-documented 
in the past (0. M. Haw, It. R Tn.ehcart, 
C. ft. Taylor, and M. Stmr.pl, Am, J. Path. 
•M, S03 upss)). 'Tire most interesting rc- 
Milts were in the .studies of the mothers re¬ 
ceiving 1.5 million • units per day, who 
showed changes somewhat milder than the 
above in tlieir own aorta#, and their off¬ 
spring. 

Kvcn the normal aorta# occasionally 
showed a normal invagination or plica at 
the up|M*r margins of the sinuses of Val¬ 
salva. This plica never involved tiro entire 
circumference of the aorta, but wn* defi¬ 
nitely exaggerated in five out of 23 new- 
lw>rns, in contrast to the older animal# or 
the deficient neonates. Fourteen aortas out 
of IS newhoms of mothers receiving JJJ 
million units of vitamin D per day were 
normal, nil hough 11 show ed this same exag¬ 
geration of lire normal plica-—a significant 
increase in incidence. Tire other four new- 
boni, each from a different litter, had a 
prominent annular protrusion at (his sama 
supravalvular level which resulted in “sig- ‘ 
nifieant narrowing of (he luminal circum¬ 
ference.” 1 he defect was caused by a pro¬ 
liferation of the media covered by a normal 
intima. 

; Of the ten young rabbits dying between 
•two and 20 days of age supravalvular ab¬ 
normalities were noted in forlr, of tire annu¬ 
lar circumferential ty,»c in two. In (he six 
animal# finally sacrificed at tlfuc months, 
‘‘I’ 1 * :mrtas rc-H-mblcd those of their mother# 
fwho had received vitamin D): (hero were 
,!, r «Ii«‘‘l irregularities of the wall, with 
•!« generation and calcification of (Ire media. 
None had any localised supravalvular nar¬ 
rowing. 

Thus, these worker# have been able to 
,>r.h|iice experimentally in rabbit# a ron- 
r-nital anomaly of lire aorta which closely 
ic.vmMcs the human defect Furthermore, 
ilhir •■xiH-rinxnl.il mm Id involved a sub- 
•lautlal derangement of the cal.-ium-regu- 
lating vitamin, and it ha# gradually become 
otildi.shed (hat, in the huninn, there Is an 
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n r -rori:!l’'!»j Iftnven nipravalvulrr <*.<•« I i«: 
stenosis am] the idiopathic hypercalcemia <>f 
infants. It would lie premature, however, to 
consider that this is another exempli* of :i, 
simple rwj;rihMi.i factor, such as Thalido¬ 
mide or the rubella vim*, wliirli produces a 
congenital varcular defect. Ceil.'’.ill differ- 
enm lielv.ccii the rx|*criincntal model ami 
the human disorder remain unexplained. 

For example, excess intake of vitamin l) 
by the innthrr has not been documented 
in a on** of idiopathic h.v|KToaUcinia, much 
levs supravalvular aortic stenosis. Although 
high blood levels of ralciiim, urea, and 
cholesterol mo .«ccn clinically, none was ele¬ 
vated in Iho experimental model. Thus, 
whether a dietary factor such ns vitamin D 


MULTIPLE FACTORS ALTERING RADlYilON SENSITIVITY 

Survival iludict of three it mint o] x irradiated g> rmjrcc end comvnlionetlg i/uiin- 
I,lined inice indteota ic pa rat I ininlivnirnl o / bacterial contamination and genetic 
/iicfer* in the determination <>/ radio'tun ■ uritivitg. ('inter mine eircumttnnrc* dietarg 
treatment alio ajecit radiation retirtenre. 
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i‘ ii**tnnlly involved in the human fituatiun 
mm* quite iml'ki.ly, although it may Mill 
be populated that there is tome dulurb- 
aiicn in vitamin I) metabolism or enhanced 
sen-itivit.v in rosjionse to it. 

One wonders what role the parathyroid 
hormone nnd also calcium intake might 
jday. In any event, it docs seem clear that 
this tyjic of supravalvular nbnounnlily is 
an exaggeration of a normal fold of the 
aorta, that it is often preceded by hy|>cr- 
ealectni.i of the newborn, cud that it can 
Iks occasionally induced i:i the rabbit fetus 
by administering to the mother massive 
(lores of vitamin D, n substance which has 
long been known to cause changes In the 
arterial media of older animals. 


fl 

l. 


Investigation of the effects of various 
doses of x-radiation on many species, and 
also several strains of n single species, have 
si town that animals differ in the amount ol 
radiation required to cause degenerative 
changes or death. Meticulous control must 
be used for strict comparability among 
studies (T. F. Dougherty, FetL Proc. 20 
(2), jmrt II, S (1061)) and frequently un¬ 
recognized or uncontrollable differences in 
condition* make it dillieult to evaluate re¬ 
sults obtained from one lal»oratory to an¬ 
other or over a period of time in a single 
facility. 

Further to Militantialc earlier evidence 
of strain nnd environmental influences with 
respect to radiation resistance, II. E. Wal- 
burg, Jr., E. I. Mynatt, and D. M. Itobic 
( Pnd. Pet. 27, 616 (1066)) have studied 
Hie re.dic.-cnsitivily of three strains of mice 
maintained under varying renditions. 

Normally bred ICK and CP No. 1 and 
inbred It PM mice wens maintained either 
conventionally or in plastic film isolators 


under germfrec conditions. Periodic an¬ 
aerobic and aerobic culture of feces and 
tissue fur microutganisms, otiuuiruiuuu of 
intestine and skin for parasites, and rcro- 
logica! examination for a number of viruses 
were conducted to assure a germfrec en¬ 
vironment, but no bactcriologic examina¬ 
tion of conventional animals was rcjwntcd. 
All animals were fed the same autoclaved 
diet and water ad libitum. 

At ten to 12 weeks of age the germfrec 
and conventional mice were irradiated in 
a sterile isolator with f;00 to 1,000 R of x- 
irrndialion at an cxpo.-nrc rate of about 100 
R jkt minute. Actual exposures were moni¬ 
tored by a continuously recording exposure 
meter. 

Hie 30 day mortality following these 
radiation doses ranged from less than 10 
per cent to 100 j*or cent. Mortality curve* 
were constructed by probil analysis cf 
mortality data. The SO per cent lethal dose 
for the 30 day jieriod (LD M(3 *)) was de¬ 
rived from there curves.-Wheu results for 
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Possible Injury to the Cardiovascular System 
from Vitamin D 

lltxu* Jl. Taussig, m.o., r.A.c.r., Ilallimore, Maryland 


T "‘ 'NTMtOT IN VITAMIN D as a possible 
wince of injury to the cardiovascular 
•ystem lie* in the recent advance* in our 
knowledge of supravalvular aortic .lenosi*. 
When, in |*I58, Dciiic and Vcihcugt (I) 
reviewed the literature on supravalvular 
aortic stenosis, they found that 12 cases had 
been described, anti they added | rase of 
•lie** own. After tin'*, a number of *uch 
case* were recogni/edft,, 1961. Woolev and 
av iates P) desen l^dlK occur,cnee of 

sujiia valvular aori i c_stcnosis .. ,, 

lumber* of one fnimly.)! liTTxisicme^jT 
this so-called familial type has been con- 
filmed by oilier* ami is noiv generally ac¬ 
cepted as a clinical entity, (llic same year 

\ a w"'..., »MiJ fcrsri£! 

N b«lji_sr«,*. inV/narno 
finnihal_asgrc i; ;„ ion was ’^ otnwQGuTTr 
which tlse su|travalvul ar aoui c sicnosis was 
ass ociated wnli men t a I retardation and a 

ncculiar f _, -—- 


««.y stenoses and 

.!». «,c ci.i u T foosoi i.t c Me - 


that the children looked "more like one 
• another than like their uw„ listers and 
bt others." Moreover the facies weic so dis- 
th ctivc that they suggested that the diagno- 
»n might be made ai sight. A* so fluently 

Itccc-ivcil AuguM «7 1906; »«eptcd for publics- 
Hon AuguM !W. I960. p 

Krom the Cardiac Clinic, Children'. Medical .nd 

flTu ^“' Cr ° f ,1 “ ; J"* m * , H*»'»s Hospital, 
*"d *• tV|<a"mii«l ol iv.llai.ics of The John. 
llo|iUiis Univcnil*. Itatilmorc, Xld J s 

»• «'••>«« M. IUvcii Memorial 

Ills ingunhed Itrwaich fellow, the National loun- 
dal ion. New Voik. N. V. 

l»»«"i«l a* ihe John iM.llli|m 
Mnuoiul AmiiI Icd.ir al the Forty. An- 

a * ,he A,nf,ifJ " to'l<xe of 1‘hyncians, 

Apnl l*l. I9C6, New Ynit, N. V. /“ "A 

Reqiwiui lor wpiiMi. sl.ould be ad.lreucd to 

M " • l h * J° hM I'oplm* H«. 
plial, ilatilmoie, Md. *1205. ^ 


occurs wlicn a new clinical syndrome Is 
recognised, a number of cases were frame- 
diaicly re]toned front various parts of the 
country and, indeed, from various parts of 
the work-in 1 %|. lleur en and coworker, 

^ .^_ , 5I^!i5iLX r l' , ILjr^K.lingcn t \\'cst Gcr- 
inmij^-iliaijK-iiptt cial pu lmonary sten^Tis 
and an lhno.uulit y in ih c~dciiiure were 

als gj.ait of ihe fl iWal_ 1V nd»..,..T'- 

L.bi 1*J63, Hlack a nd Honliaiu-t la ricr ( 5 ) 
recognized the similarity of the facie J 
wi l l, su|tiavalvnlar~~ aoriir*~ 
stciiws ra^qg^^ he diildrctT^h n 
had suifcicd fro m scscrThn opaihicJ^T- 
ralceiuia in mlancy. These investigators 
then reviewed the autopsy material of in¬ 
fant? who had dicJ of the sevcie tyitc of 
idiopathic hyjicicahernia and found (hat 
m addition io the renal calcinosis these 
infants showed a wide variety of arterial 
stenoses, including icnal auciy stenoses and 


—» —— -issiwiigll IIUIIC 

e had supravalvular aortic stenosis, abnor- 
1 niahtics of the aortic valve were common 

k * n,0,, 8 V ,CiC These observation, 

h • *»«»n«rdiatcly qroused the interest ofpedi- 
y attic cardiologist*. J 1 

- CIdiopat hic hyp ercalcemia has been known 

to j >cdiatritiaiis~sm c^IJ g hTivootT , 77r.\~7i7.. 

I re^rTTinj^jflm sj.uh^n^lo^ ^ 
; i , sjially_divRlcd.inipjwq cl as^T Th e niild 

\ a,lt jjlg_*CsH^ty J >C’p f idiopaihic livt icr. 

I Xcakanu. The mild lyi* is readily torreo-d 
»lJte 3 L J_»ta*tncs. The see,.. , yr of 
i iibopaihic hyiieualcem ia is a<ww.-..,Ji 
anoiexia^oinilin g and lailui c to il.riw- 
nuiked hyjwtoni a, h)jiajciision, a systolic 
h eart mmrntir, serial iimilkci.-ncy, .^t 
severe incntaireiardaiioi i. T lie I ritThbi^o d" 
c alcium icvd cHractcrinie of hypercal- 


E648, 


V •• ••*• f ••!.*•«•• I , 
. 'I. . . 


• . • » 


i 






.1 .. 

I 


'tlnu A uk... 


M- 




\ : . 


.IIPXKN B. TAUUK3 


JMk d 


cemia suggested that it way related in some 
way to vitamin U intake or vitamin D • 
metabolism (7). p tfC* ’) 

During the next few ycais an increasing 


number of infants were ictwimetl as suf> 


s erin/; from th is condition, ind ee d, Kn g- 
l and suffered fiom a v eritable epi demic of 
t his disease. ‘Hie cn idetnic occurred at a 
t ime u-lien I. OtKJ units of vitamin 1) we re 
b ehift added to each «jn a rt of milk a mi 
vitami n 1) sup plement was I icing at Med to 
many f ooiTst t ill s, such as cereals, bread, and 
flour. It wa s calc ulated th at the inajmity of 
infams‘*7n~(»ieat IhiiaTiT at that time ic - 
c civctl be tween 2,000 and 3,000 units o f 
vitamin l)/day. As soon as site vitamin 1) 

■ was taken out ot the foodstulfs ami th e 
vi tamin i) content of milk was reduced to 
4 U0_ uitiu/<p. the ou tbreak ot scvcie idi o¬ 
p athic hviKMcalrcntia ca me to an abrupt" 
end . Indeed. the decrease in the prevalence 
of idiopaihic hypercalcemia was nearly as 
striking as the elimination of phocomclia 
in Ccrmaoy after thalidomide was with* 
drawn front the market, 'flic decrease in 
the severe form of idio|>athic hypercalcemia 
that occurred with the reduction of the 
amount of vitamin D given to these infants 
is an incontrovertible fact, and it is a strong 
argument for the existence of some relation 
between thc>iwo conditions. 

Idiopathic hypercalcemia has been exten ¬ 
sivel y studied. T he scvci e form h \believe d 
to be ichiicd to aTrTjTTiTormalhyM n th e 
t nctabolism of_yiiainittl57iT Tucli a natuic 
t hat these infants icsno.-td to a given dose 
. of vitamin 1) wiili a eienter rise and a uuuc 
prolonitcd maintenance of a high level of 
v itamin 1) in the blood than occur in th e 
average iinliyjdji al. Ikmgiovanni, Lbcikin, 
ami Jones (8) and Fellers and Schwartz (0) 
have consideied this variation in metab¬ 
olism to fulfill the criteria of “an inborn 
error" of metabolism; that is, the infants 
wcie botn with an abnormality in the man¬ 
ner in which they metabolized vitamin 1). 
This "inltorn error" of metabolism is of 
sutli a natuic that the infant is able to ect 


a greater effect from a sm aller amount o f 
vitamin I) t han does tlic soolled "normal" 
’Individual, In otltcr wotds, before the days 
of isolation of vitamin D, these infants 
could use the vitamin D dial occurred in 
nature* more effectively than could die so- 
called "norma!" individual, and t hus these 
i ndividuals were le ss prone to rickets; now, 
b ecause w c can add unl i mited amoun ts of 
v itamin I* to our di et, w c say those w lio 
c an use it more effecti vel y suffer from an 
•' inlunn error" of metab olism. The com b¬ 
at ion is m o re atcniatcly described as an 
i nborn “variant" in inet ali olisml 
The important consideration in the pres¬ 
e nt disc ussion is ilint sonic mfanli are bom 
with an a bi lity to m clalmli/ c vitamin D~ of 
such a nature that they can be seriously* 
and severely injured by a dose of vitamin D 
th at is app arently not inj u rious to other 
children . Moreover, this dose is ap proxi¬ 
mately only eight times the usual amount 
required for normal growth and develop¬ 
ment. The figure eight times the usual 
amount !s derived because a decrease from 
approximately 3,000 units/day to 400 
units/ y virtually eliminated the severe 
form of idiopathic hy|ieicalcemia. 

it is also of interest that Blizzard (10) 
lias seen a family in which, two children 
i have suffered from iodiopathic hypercal¬ 
cemia. When the mother of these two 
chi Id ten was given a relatively high dose 
of vitamin D over a |>eriod of several weeks, 
she dcvclojicd nervousness and a high 
blood calcium level, while the father 
showed no such rcactiou with the same, 
dose of vitamin D over the same period of 
time. It is also of intcicst that, although 
these children have both shown a heart 
inunnur fiom lime to time, neither of the 
childicn has supravalvular aortic stenosis 
or any clinics! evidence of a cardiac ab¬ 
normality at the present time. Both chil¬ 
dren do show a rise in blood calcium when 
exjioscd to excessive sunlight and arc there¬ 
fore kepi out of the full sun in the summer, 
and they are never given food to which 
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vitamin D lias been added. In this instance 
•lie basic disturbance arrears to be one of 
aii abnormality in calcium metabolism. 

lo return to t b c . pr sibjgm._of supraynl. 
yiijar_norti^ H.rilQm —i n tlic s inin» of 1 %| v 
Garc ia, Fn'et linan, Kaback. an.l Kmve ( 11 ) N 
t c | >01 led an in fa r ij_ who w a s_rcf cm o» ! to the 
Ciiydi^c^bn |c_ 0 f, l^ciu.bben-ijt I cdical 
ainl Surgic al Gc ruc r bcc au se of a cardiac 
murmur. OijuBUjcfliLMiNly ibis chihfwas 
frwuwl t ojrave a high blood calcium level, a 
higbjjjgod Icycl of_yitamin D, and supra- 
valv ular aortic stenosis. This. \V C Ix-licvc, is 
ib e Inst icportcd e ase i n ubicbboili Imrcr- 
caltcini a and sii |»i avalvnlar aortic sicn osi* | 
h ave I reel i ic [Killed! ! 1 ■ , 

. I n the summ er of 1%5 black, Jhitlcr, and | 

^IjVsi.^qrif?f lYjjTin ftl tfiaT one of , 

• original pa.iic;m tvi tlm sevne fo.n. of «li» . : 

ISl 1 . 1 * ! m *cr cajcemi a died of hviKrmS t , 

and r enal, failure at ibe age »l | f, y Ca „ j 
Xutoi ssy showed m ial calcinosis. massive s 

left-ventricular IjipcrUQ PJiy. ami si.p. a- £ 

v alvttlar aortic stenosis . 3 

t" ^mla a»*l associates (IS) studied M diil- s 
dren icfcned to our clinic wiih supraval- b 
vular aortic stenosis with l>otli die familial v 
l)|>c and the type associated with mental o 
retardation. They found that these pa- ti 

tients, regardless of the tyjrc of facies that vt 

they bail, showed a svide spread in the It 

range of their ).Q.s; many of them were hi 

slightly, although not’severely, retarded, 
and those with a normal I.Q. showed cu- to 
t;ious variations in their ics|rouse to certain al 

meiital tests. One patient with normal sc 

facies showed an abnormality of the den- al 

lure suggestive of that seen in patients with a 

supravalvular aoitic stenosis and mental sc 

retardation. These findings suggested that ni 

the two tyjrcs of supravalvular aortic steno- co 

sis represent dilTcient responses lo the same Al 

underlying condition. 1 ]] 

Recently, lleurcn (M) studied two infants ex 

• who li.td been inconectly diagnosed as hav- an 

ing infantile tetany and had been given tin 

massive doses of vitamin D. both infants fur 

at the age of 8 months had the full-blown vat 
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picture of supravalvular aortic stenosis. 
(Ktiplteral pulmonary stenosis, and severe 
mental retardation. Renten lias started v l. 
l ainin D loading stmhes an d liit^.lw.^-t 
\ only do ihcL.at kuis with 

supi.ivalvnljr aortic sten osis and mental 
show -• in ab iKttni.il ics|hhisc to 
Vl1 ll'i jjijJift-also. iliose paticp 1 s witli~ 7 l ie 
fa milial type of snitravalvti lar aoitic steno- 
sis ap|»car to lg_jibug|m;tlly sensitive to 
vitamin I), lieu ten sus|>ccis Outpatients 
with valvular aortic stenosis respond ab- 
noimally to vitamin D. This suggestion 
that aortic stenosis of the valvular tyjrc may 
he of similar or related origin does not 
siupi isc me bccaiiscQlonhaiiiCai ter and 
Stiiricc (15) have if|toii«ni7;n many infan ts 
dyiiig of idiopathic hyitctcalmnia d, 
a ^Un'ntJliiics of the aortic y alvc^ Kxactly 
bat dcict mines whether an i nfa nt with a 
Ing lt^blood calcium subseq uentl y develops 
su pravalvular aoitic stenosis is tcriainly no t , 
clear. Ncvculiclcss. all picscin evidence in- 
tbfates that injury to tire cardiovascular, 
•ystcin occurs when there is an abnormally 
hieli blood cab ium or an abnormality of 
vitamin D inctalrolism or the combination 
of these two factors. Under such a combina¬ 
tion of circumstances the patient may tie- 
vclcip what lias generally liccn considered 
to lie a congcnii.il nialformation of the 
heart. 

This observation introduces a new asjrcct 
to the etiology of malformations. We are 
all well aware that nearly all grades of 
severity of a malformation exist in almost 
all types of malformations, as for example, 
a large and a small ductus or a mild and a 
sc\crc stenosis; and furtlicinioie we recog¬ 
nize that the most obstructive lesions be¬ 
come more severe over a |»ciiod of years. 
Abo, we recognise that the extreme of one 
malformation may merge into another; for 
example, an infant with tetialogy of Fallot '' 
ami a puhnonaty atresia, who survives 
the closure of the ductus arteriosus, has a 
functional uuiicus arteriosus. These obser- 
vations concerning hyjierralcfmia and vi- 
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lamin D indicate that at least in some 
instances die fetus can be injured and that 
such injury ntay result in a congenital mal- 
fon nation. Moi cover, ft his injury that is 
associated with a disturbance in the metab¬ 
olism of calcium and vitamin 1) causes both 
mental retardation and widespread 'injury 
to the vascular tree, which may result in 
;upravalviilar aortic stenosis, peripheral 
pulmonary stenosis, renal attery stenosis, 
|>ossible aortic valvular stenosis, or ]>ciha|>s 
even in sonic instances coarctation of the 
aorta[J 

Dining this past winter (I9G5 to 1%G) 
FricJman and Holicrts (1G) approached the 
problem experimentally. They gave picg- 
nant rabbits high doses rtf vitamin D to 
determine whether vitamin D crossed the 
placenta and to explore ilic ielation be¬ 
tween maternal hypervitaminosis and su¬ 
pravalvular aortic stenosis. Briefly, they 
found thai[ihe blood level of vitamin D - 
in the pregnant rabbits given vitamin D 
was 18 times higher than that in the con 
trol rabbits and that the vitamin D assay 
of the oirspring of the rabbits fed high 
doses of vitamin D war 9 times higher than 
that of the control. Among the SI offspring 
whose mothcis hail received high doses of 
vitamin D, I-l showed abnormalities of the 
aortajMoreovcr, G rabbits showed lesions 
that were anatomically similar to supra¬ 
valvular mm tic stenosis in man. Jn addition, 

1 rabbit had a iioncoustriciing fibrous band 
above the aoita such as has liecn reported 
in man, and another had a microscope 
abnormality in the proximal aorta; all of 
the controls weic normal.[in another ex¬ 
periment G offspring of mothers iccciving 
high doses of vitamin I) were given rela¬ 
tively small doses of vitamin J) at 3 months 
of age. These labbils dcvclojrcd generalized 
vitamin 1) toxicity of tlic advanced type 
seen in adults given massive doses of vita¬ 
min D, namely, generalized irregularities of 
the wall with degeneration and calciftca- 
lionijFriedmaii and Kolicris emphasize the 
necessity for caution in diawing analogies 


between the experimental 
and else clinical disease. Nevertlieless, their 
.ex]>criments suggest that in certain animals 
—not necessarily all animals—an in utcro 
derangement in vitamin D metabolism on 
the part of the mother or of the fetus or 
both may be responsible for supravalvular 
aortic stenosis, es(»ccially when the latter is 
associated with infantile hyjiercalcemia. In 
any event,[these experiments showed that 
vitamin D can pass through the placenta 
and that abnormalities can occur in the 
offspring of the mothers who receive mas¬ 
sive doses of vitamin D and that smaller 
doses at a later date can severely injure 
the atriiaT] 

Obviously, cx|>criments are needed to de¬ 
termine whether animals can be rendered 
hyjserscnsitive to vitamin D, or only when 
mothers arc fed excessive vitamin D may 
their offspring be rendered hypersensitive 
to vitamin D. Furthcrmoie, tlteir experi¬ 
ments also suggest that rabbits that have 
received an excessive amount of vitamin D 
in utero are susceptible to further injury if 
they arc again fed vitamin D. 

The tpicstion arises: how widespread is 
this phenomenon? At the present time 
three variations in the metabolism of vi- • 
tamin D are known: [1J the “hypersensi¬ 
tive" response related to idiopathic hyper¬ 
calcemia; [2] the normal or usual response; 
i*ud (3J she children with vitamin D-re- 
sistant rickets. Are there just three points 
or is there a wide s|>cctrum in the manner 
in which jtcople metabolize vitamin D? Or 
is it all primarily related to disturbances 
in calcium metabolism? These observations 
open a tremendous Geld for study, and 
many of the problems lie in the realm of 
internal medicine. 

For example, as one considers the vari¬ 
ous types of aortic stenosis, one wonders 
whether the calcific aortic stenosis of ad¬ 
vancing ycais, that condition tliat has long 
defied pathologists as to whether it was 
congenital or rheumatic in origin, may not 
be of this natuie, namely, the result of a 


■~«r 65 , 
animal model 






yAw>« i, h*. t 

I Httmbti I'M 


CARUIOVASCUI.AR SYSTEM INJURY FROM VITAMIN Is 


combination of tonic f>cuetic factor or in- 
created sensitivity to vitamin D and the 
a mount of sunliglit and vitamin D that 
the individual received over a period of 
years. 

In all (irnhahiliiy there is some addi- 
lional unknown factor of vital importance. 
Ihe phenomenon of (alriphylaxis that 
Sclyc (17) has siudied may lie of great 
signifiranre. lie has shown that animals 
may lie given a dose of vitamin D, and 
*ul>s«,i,eiiily at a critical time the animal 
<* given another substance that acts as a 
N d,a,!c "B c ' «nd |ito<liices calcification in 
•various places. My varying the amount of 
vitamin I) and ihe challenger Selyc has 
produced calcification almost at will. ‘ 
These observations o|hti up many prob- 
• icon—-I shall not sfieculate. Neverthless,fj 
do seriously wonder how great may lie the * 
.variation in metabolism of calcium and of 
vitamin D and whether harm is being clone 
by the widespread use of vitamin D in rcla- 
Uvely high desses ^Certainly we have vir- 
mally eliminate,I .iikcii, hut some infants 
tolerate less than mhers rod some infants 
need moie than othcis; and perhaps some 
adults wnh a social genetic background 
may be injured. v 

Another inieresiing problem concern. \ 
the relation between calcium metalsolism , 
and ItyjKi cltolcstcrolemia. In this connec- . 
•ion, in 1903, liooft, Vennnssen, and Illanc- ' 
quaeri (IS) reported two cases. The first 1 
patient was a child svho was known to have * 
*cvcrc idiopathic hyjKrcalccmia. He was ! 
treated with thyroxin and a low-calcium c 
diet until 3 years of age; at 6 years of age I 
he had a normal renal fomiion. but lie had 
hypercholesterolemia. The second was a r 
paiicm with characteristic facies and a C 
typical history of idiopathic liyiKrcalmnia. n 
maikcil mental rctaidalioo. and increase of 
density of the long Iwmc*. who at the age n 
of 8 yeais had h)|KKhnlcsterolcmia and T 
aortic stenosis. In this iiiitancc, the type of d 
aoitic stenosis is not known since the family “ 
of the latter patient refused to permit car- m 
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diac catheterization or angiocardiography. 
He that as it may, the olsscrvation raises the 
question whether the problem is basically 
one of calcium metabolism or of vitamin D 
metabolism or the interaction of one upon 
the other, anil svhat its relation is to cho- 
lestciol metabolism. 

Whatever may be the outcome of these 
many problems, a new horizon has opened 
in die etiology of pathological conditions, 
both congenital ami acquired, and we have 
further evidence of the laic effects of caily 
uisiilis. My plea to you all is that, if large 
doses of vitamin D arc not necessary and 
iheic is any possibility that they may do 
, ha,mi 1,0 follow the old adage, "If you 
cannot do good, be suic not to do harm ** 
y 

SVMMAMO IN InTKRUNCUA 

far (KKMliiliiate del Irsiouage del systems can 
dKvawular ,rer viiamina D es suggestions* 
per le evidenlia que iin eerie relation ex hie 
liner liy|Krcilcicinia idiopathic e le typo de 1 
•icoom aortic supravalvular que es associate 
con penplieric stenosis pulmoinr, retardamento 
nwntal. e |*culiaritaics del facie. 

Istc ultinic characteristics csscva rccognosclt« 
como fnppamemente simile al facie de jiive- 
m es quf ha supcrviviic a formas sever de hvircr- 
calcirinw idiopathic In plus, nccropsias in ;;;. 

^ (antes con liypcrralciemia idiopathic ha rcvclatc 
evulcniia de un cxiruse lesionage del systrnu 
cardiovascular in association con anormalii.nes \ 
del vah-ulas aortic. Un suhjcrlo con hypcrcilci- 
einia idiopathic qui moriva al elate de 1C annos 
lialteva sfenosis aortic supi a valvular. Un infante 
con stenosis aortic supravalvular habeva un 
altc mvello sangiiinee de raltium e moustrava 
un resjwinsa a vitamins 1) simile a illo que 
occurre in suhjcctos con hypercalciemia idio 
I ratine 

Myp, icalricmia idiopathic es cognoscitrinente 
rrlatwuaiv al quantitate tie viiamina D ingeritc 
c/o al ineiat-olisnio de viiamina D e es re- 
guanlaic como un "error innate" in le mcialro- 
lismo de viiamiiia I). 

lx studios ex|M-riiiK'iital effectuate per Frieil- 
man in combos ha MNNMtalc que viiamina D 
|ioie patsar cis-irans le placenta, que grande 
dovs de viiamina D alinirniaic al malic can- ' 
sava in le piole un aiiorinalmriitealtenivellodc 
viiamina I) a naio, e que sc|niinanai plus tarde 
un dose medie de vitamins I) causa un rcac- 
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Supravalvular Aortic Stenosis 


It Is now evident that some Infants have the ability to metabolize vitamin D to such an 
extent that they can be seriously Injured by a dose of vitamin D that Is apparently not 
harmful to other children. The severeform of so-called idiopathic hypercalcemia seems 
to be related to this unusual ability to metabolize vitamin D. There Is also evidence 
that hypercalcemia Is, In turn, related to supravalvular aortic stenosis. In fact, many 
Infants dying of idiopathic hypercalcemia show abnormalities of the aortic valve. Exactly 
what determines whether an infant with high blood-calcium levels will subsequently 
develop supravalvular aortic stenosis is not clear. However, all present evidence indicates 
that injury to the cardiovascular system occurs when there Is a abnormally high blood 
calcium and/or abnormality of vitamin D metabolism. Under such conditions the patient 
may develop what has generally been considered to be a congenital malformatior of the 
heart. The author concludes: "My plea to you ajl is that. If large doses of vitamin D 
arc not necessary and there la any possibility that they may do harm, do follow the old 
adage, If you cannot do good, be sure not to do harm.^*- 
Tausslg (Baltimore, Md>), Ann. Int. Med. 65:1195 (Dec.), 1966 
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THORAZINE 
Pregnancy Tests 


An 82-year-old woman developed Jaundice after receiving 20 mg. Thorazine (chlor- 
piumazlne-SKP) dally for approximately 10 days. Of unique Interest was the unusual 
and serendipitous finding of a positive immunological pregnancy test. Two weeks after 
»s. drug was withdrawn pregnancy tests on blood serum and urine were negative. The 
positive test was probably caused by excretory by-products of Tlvorazlne In the urine 
or by Thorazine-induced changes In gonadotropins. Lactation and breast engorgement 
is known to occur as a side effect of Thorazine therapy (Clin-Alcrt No. 11,1964). - 
Paolettl ct al. (Detroit, Mich.), Am. J. Med. Scl. 252:570 (Nov.), 1966 
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FURADANTIN 
Pulmonary Reaction 


Pulmonary reactions due to Furadantin (nltrofurantoin-Eaton) have been previously 
reported (Clin-Alcrt No. 329, 1965; Clin-Alert No. 235 L 329, 1966). In these cases the 
patients were acutely 111. The present report Is of special interest because Itrepresents 
•a subacute nleuropulmonary reaction secondary to Furandantin that manifested itseu in 
a debilitating pulmonary Illness. The patient had taken die drug for one year before 
symptoms of respiratory distress developed. The clinical course was characterized by 
marked dyspnea and orthopnea at rest, which were Intensified by the slightest exertion. 
Tacliypnea between 44 and 50 respirations per minute Interfered with proper nutrition. 
Doth lung fields were resonant and the breath sounds were emphysematous. Fine crepitant 
rales were scattered throughout both lung fields. All medication was withdrawn and 
prednisone therapy started. The response was dramatic. After one week the dyspnea 
and orthopnea ceased. Chest X rays revealed progressive clearing of infiltrates present 
on admission. Complete recovery ensued. - 

Sollaccio ct al. (New York.N.Y.), Ann. Int. Med. 65:1284 (Dec.), 1966 
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proper indication lias p.u.iilclcd llic generation of 
infections with licinolylir Slnjili. aureus icsisiant lo 
penicillin in hospital |x>pulntio;iv 
One should Ik- cautions Ixforc initialing piophylaxn 
with oilier antibiotics that may at present he con¬ 
sidered to Ik effective against die staphylococcus, 
until tlierc is clear-cut evidence that general surgical 
pat'rnU will he bcix/ilcd by iL 
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irriOl.OGY OF THE fi.VJ ' n FORM OF lDiOPATHIC 1IYPFRCALCFMIA OF 
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A Dcfca in Vitamin D Metabolism r 

Frakcis X. Fkixi-ms, M.D.,f ani* Koui:rt Sciiwautz, M D.J 
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■VyrmilN the past decade, a new syndrome has 
_ Itct n diMrilnd by l aneoni ct al.* in infants 
showing rrtaidation r.f growth. Mental retardation, 
icnal dysfunrtion and osteos>'lcrosis, in addition to 
dwarfism, rhaiaclrrizc this clinical entity, and liyjnrr- 
ealcctnin, hy|K*icalciuria and azolc-inia arc the major 
biochemical abnormalities. 

At about the same time, Uglitwood’'* reported a 
large series of infants showing idiojiathic liyjx^r- 
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calcemia in whom failure to thrive, anorexia, vomit¬ 
ing a I’d constipation were often associated with 
thirst and |tolyuria. llyjiercakcinia and a/olcmia 
were also found in these infants, hut osteosclerosis 
and iitrntni rctaidation were not observed. In coii- 
trast to this mild, rcvcisihlc form, only a few reports 
of the more severe disease have ap|>carcd. 

Since few detailed nietaliolic observations haw 
becii made in this disease, fisc following cases and 
studies arc repot led. - ihcy show a consistent altera¬ 
tion in calcium and phosphorus me'.aliolisin and a 
rclalioii of the nbnoimality to vitamin D inetaliolisin. 
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'Hie giowth curves and Lalvnatoiy data for the .1 
caw* me given in l’i<;uie I mid Tnhlc |. 
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slinwnl a lieiaKMjloltiit «t 9.7 era. per 100 ml. A random 
»|icciiair„ of mine li.nl a siwrific Riaviiy of 1.009, arid an 
ey<n»i*:l»t i|tcciincn for omrrittrafSou l»:»J it titrofic cruviiy 
« 1.012. The maximum st rum r.ilrium was 3.3 inilliuH.lt 
|wr lilrr. Clr.alilailac (la .nailer w.n dr|tiriw d. X-liiy ifit.ly 
of tlir ilnll ai.d tung l-aiiti tlutwni litiitiud (lrtn.il y. laul 
nid In a laiiflr:! drp.irr. Hr was ;:Ivtn milk low In vitamin 
U, and nfl.rr rsnc<mut vitamin I) iurji.ti,aiai.in wiir diwi.ii. 
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ard 3I»0-n»j'. ranninc dye orally. Daily sjxximrns of 
urine were rollcrtrd under nil in stn iced mnlainer 
ami j.(Kill'd for analysis In five-day jki !<>•!». )I|<xid 



i:3 S 










% 


\ k-i .1 _ 


v.j :*v» 2 ? 


intor.vmic i»vituumc:i.mia ra.u.us ami sciiwikix 


1053 


Minj>lr.\ lair,, at the Mai t of I, and al nil,,-, 

" ,nr * ' v, ’ ,c «*-* One I,on,, wl,en v,,„„ 

w.y removed and St rum liponiouin doier- 

iMinnlions %vcrc analyzed immediately, / 

liifanlfoods.f,In, liomoymi/ed Moo! and urine 
wrie weighed m ;di,j, 10(1 and digested with cmircn- 

Iralcil ••line o# M_I I < 
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Hill 


r, "‘ N'i'V KKdWMt JOUItNAI. OK Xll.DICINK 


llir iim IIkkI i*f N.ili'l jiii.'" 1 1|iii.iiy (Hj .inii: ^ j ( | \v; t % 
dclemuM-d liy an rlertimiirliir. liti.itiou using i!„. 
Van Slykr ami I'.ilmei nti-ilmd,'* filial.iblc acidity by 
I lira I if at In serum pll with a jil I nivlrr with externally 
shielded electrodes, and ammonia by Conway's'* 
inicriKlifTmion tcclmie. 

Vitamin D was determined by the standard AO \C 
bioaswy method'* as follows: normal weanling 
Sprnguc-Dawlcy rats, twenty-one flays of age, were 
plaml on a rachilogcnic diet containing J.2 ]>cr cent 


K»v. 27, I9i« 
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malcly isotonic (2i!0 iniOi>i-in»ls ]>cr liter) and ron. 
taimd 3 mg. of jrlmsphnrus j*r milliliter. *J1, C .,jj 
was (hei l.ed after autoclaving and before i.diuiiiiilra. 
li«»n and was 7.'A to 7 A. A priming dose and sustain, 
ing sol.itinn writ given. 

Hr.sm.is 

‘ilic 3 infants were normal at birth, but by the age 
of four or five months evidence of a generalised 
gtowth distiubailee appeared (Fig. 1). Kacli child 


Tamm. 2. Rrtial-Funilion Data. 
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calcium for twenty days. At the end of this lime, 
severe rickets was manifest. The material for analysis 
was mixed with skim-mill: puwdci, which had been 
etlicr extracted, lids was fed in two doses on the 
first and third flays. The diet was offered for a ten- 
day jteriod, during which body weight did not 
decrease. Hie rats were then killed, and the libias 
were dissected from the soft tissues. A longitudinal 
section of the proximal epiphysis was rinsed in water, 
immersed in 2 jtcr cent silver nitrate for one minute 
and rinsed again in water. Hie sjtccimen was ex¬ 
posed to daylight or a.: ultraviolet-light source for 
one to three minutes. Jlic degree of calcification as 
evidenced by black staining without discoloration in 
tlie uncalcified areas was immediately graded 1 to C; 
Grade 4 represented a solid line across tlie inclaphysis! 
Seven rats, all of which had readable grading results, 
wcic considered adequate for each determination. 

Clearance procedures wcic determined by both the 
endogenous creatinine and the imilin and FAII 
method. Creatinine was determined according to the 
procedure of Haic and Hare.** Discrete tlcaranee 
measurements were jrerformed after a standard prim¬ 
ing dose of inulin and I'AU, followed l»y a sustaining 
infusion of both in isotonic saline solution.**-** Urine 
was obtained from an inlying catlu tcr and collected 
under oil with a sterile-water bladder wash. At least 
two bloods per each three rlcaranrc |tcriods sverc 
obtained for extrapolation of senlin values. A I; 
feted plmsjihalc solution for pltospliale loading con¬ 
tained sodium plrtispliatc, 11.36 gm. (00 millimols), 
ami sodium biphor.pliate, 2.76 gin. (20 millimols) in 
1000 inL of solution. This solution was ajtjtmxi- 


had been first referred to tlie hospital for failure to 
tinivc. Hie diagnosis of hypercalcemia was not I 
recognized immediately in Case I. However, the tuh- 
scqiicnt radiologic findings were diagnostic. Both 
Case 2 and Case 3 sverc recognized initially from the 
x-ray studies, which indicated the abnormal bone 
density. 

Laboratory data are piqstntrd in detail in Table I. 

'Jlic scrum calcium concentrations were elevated 
(2.75 to 3.65 millimols per birr whereas the normal 
range is 2.40 to 2.75 millimols per liter), altliongli 
occasionally a norma! value was found. Magnesium 
concentration In the scrum was slightly elevated on a 
few determinations, which may have been related to 
the .depressed renal function. Semin phosphorus was 
variable, but tended to he normal. During a period 
of progressive azotemia in Case f tlie scrum plios- 
phorns increased, but later returned to normal levels 
with her general improvement. 

Cholesterol values were only occasionally elevated. 
Scrum total protein determinations were normal. 
Scrum total lipoprotein was normal in Case I, 280 
mg. jrcr 100 ml., and Case 3, 571 ing. per *00 ml. 
(normal, up to 000 mg. |>cr ICO ml.). Scruin vitamin 
A was consistently elevated in all 3 patients (91 to 
187 rmcrogm. per 100 ml.) and scrum carotenoids 
were elevated in Case 3 only. 

Serum citrate was increased in 2 patients, being I 
3.5 mg. jrcr 109 ml. in Case 2 at eighteen months and I 
5.0 mg. |K-r 100 ml. in Cbm: 3 at right months (nor- * 
mal, 1.6 to 28 mg. |>cr 100 nil). Alfcalinc-pliosplia- 
tasc levels in tlie scrum remained in (lie noim.il range 
thinuglioiit. 
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” "V 1 "/•"'«» fl'i-Mc 2). Cloinrrular 

"" 20 «" *'■ l- r mil Of noiiii.il i 

Kfiij. 1 pfo'i.u Hint, del. i >nil mi| i„ 2 of i| K - , 

rJrar; J"<'. wsu d. , .cased to .in cij.ial degirc, < 
with a i exultant norm;,I r.lcr.uion frarti,,,,. Tid5.br < 

V,’ ““ (fVm , »««n,a) i„ | p. v 

k-iH (Ca»e I) was dcprsscd to ti* M , 11C dcg.iL 

n-Am i \ M,,d >’. w " 1 ' » *wiirealm ji bablc imi<„ 

(I All; load, ]»>t.i>'iiini s -ciclion was noted filic 

,rrli-<l In ___. . , _ \n»c«x- 


(VAU)k,,l, ]x>ta>'iiini s.c.ctioi. was ,^(,1* ™ ♦*>, ~ 

nrkd to filtered ratim varied from 1.72 to 2.00). j 

An ami mine (,,| | of 5.03 6.02) was exceed „ ♦ ■ *{ WM 

lijr all the infants, and significant litraiahlc arid and 5*, 

ammonia xvcrc mind Although maximal acidifica. 34* * 

ixm was not ex alnatcd after arid .- :_ 0 « I - 
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day. Tlir i.dcimn and nitrogen*l.alance.Ada «. e 
jMt'v »ftd ... k.g.iie 2. )» .elation to (1^ i,,i, l | llrtI 

"itn^rti lial.iiKc, wl.wfi fluctuated insignificantly t | ic 
call min Isal.-nirr was positive (13 and 10 iicr rent in 
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- . / " . . nr in ana 

ammonia were found. AMIkhi- 1, maximal acidifies, 
txm was .ml evaluated after acid loading, an increase 
m til ratable aridity xvns nbscived during plM.Md.ate 
lanling. U.mary exertion of organic add was nor- 
f ilial, but urinary Otraft was only 40 to 50 iji» per 
twenty-four hours (nonoal, 100 to J20 per 
twenty-four lioun) in e;« I, d.ild. 1*xccssivc anuno- 
acHluna was ,ha fend in 2 of the patients (Case 2. 

Ca ' c * m 8- |w day). 

Pliosphatc excretion in tJ.se. 1 and 2, determined 
danng the clearance studies will, imilin, is presn.tcd 
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in fable 3. In boll. p.dicnts jdiospbatc reabsorption 
»«W from Of. to fdl niillimols ja-r 100 ml. of rdlrate 
»t nnr.nal scnim j.l^pbat. hvk An acute ..1,os- 
!t' C laUed tin sc iiin jdmspliatc from 

IJ tv 2.3 ...SllintoU per lit.., ea.md a twofold in- 
ncaie in jdwspbat, realism j.(ion. 

Cnkium excretion in the mine was elevated in alt 
5 Mauls and va.Jrd from 05 to 1.5 millii.Kdr jier 


= i , , F,CUn *. 1 C tlmutg 0#, • tn M/H’fltmk. 

ftyjf 

The results of the bioass.iy for serum silamin D 

actisity arc presented in Table 4. The level of scrum / 

»cl.v.ty 4 t.ormal infanu -ccciving staodard multi, 
vitainm stipj.lcments varietl from 100 to 200 uniu 
per 100 nil..of scum. In contrast, the levels in the 
3 Itypcrcalceimc infants wc,c markedly elevated to 
twenty to tWiiy times tlic normal values. The scrum 
°f 4lic liypercalrcmie infants contained 1700 to 6000 
units of vita.,,D activity per 100 ml. These values 
arc coinjiarabie to I lie results obtained in serum from 
child with resistant rickets svlio received 62300 
units of vitamin D orally a day. ” 

* 

Discussion 

Altliough an cxcessix* vitamin D ingestion or an 
unusual sensitivity to this vitamin has been postulated 
as the cause of the mild form of idit^wthic hwsercal- 
ccnna of infancy/ no direct pi oof of this rdationhas 

Sktri** ,,i6 " •» c ~> wut 

xxbcrt oxer 200 cases were recognised in a txvo-vear 
licrind has duninislicd since excessix-e exogenous E 
nun D intake Ims been rurtailed tliere.* Prcvinuslv 
infanu in Ihitai,, were estimated to receive almS,' 
a« 4«i0 units d.dy, m.,i n |y as calcifciol added to 
infant fo >ds. a., intake exceeding 1800 units daily 
l 1 K ? *«»« J«a-.s and StcainV to E r d ^ 
optimal growth in young infants. The llrilisli l’acdl- 
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of ll,a fur... of «l,c disease consist, of removal c f v ; fa T 
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•km. fraction (glomerular filtration rate to renal 
plaMi.a f|,ov) and a normal effective tubular ratio 
^ l^flon to functional tubular tissue) indi- 

bioSv i, cU ? ? " Cp, 'T P ° i,n, - 1,ion - The .oul 
r* 1 .). " Ca ?, 2 *• »»>« and n half months of sse w „ 
consistent with these observation,. Ifslrcakc^ 

tr, ri' rd ^a^JSk 

m.in, I r c i* * ''VP-calcemia undoulJcfly 
Ml jNiinit IkToic diagnosis, the caacl n-latmn to the 

r' ;S« » no, known. Certain!," 

. ra >lc renal damage was jircscnt at tl»c time of 
diagnos., at eigh.ee, nine and^ven .nm h.Xc 
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l.,ly f„nc„n,v’ (Table 3). TJ lf . addition of 

f ,.!:««|.l v .,r hud (,„ Case 2) resulted i„ mofold 
in realm.,,.*,*!,;* ilKrt , (JC . 

+»** to tl.-.l found by Kirin ; ,„J CW« .,ft C r 
(MKiilrral vitamin 13 administrati.,,,. AIiIkhi-Ii the 
4rl„:.l value f,„ maximal |,:bnl.„ pti.,,, (T 1 

V com,Mini I to value, obtained cl,,,,,,.. di.S 
Minn u imamd, ,|„ Ial ;„ T 
increased in tins infant. 

Ihlanrc studies i„ 2 of tbe infant, were earned on, 
T Mc they wee RitTn ll.rir i.Mial dirlaiy ralciu.n 
mlalc. .Suite Ixith infant, were rctaided and inac¬ 
tive. | mo longed balance studies were feasible. Nilro- 
S cn relenlH.., was negligible in both infants |„ 


tin- vlcvat. d s.nmi ritialr lesrfs f,.„,.d hi 2 of ,U 

r ‘•"•"W t] " •• ••’> P>"'c of tin: disease „,, y 
Imw l».rn I.lit.d I., the anion of vitamin 1)' 

olnlnni lalhci than areirtioi, ».» Lay. •. , 
through ritt.ilc ..H lalmli,,,,. Fnrthe.mmr. eitrale'll 
xvil mcreas, d m H-n.ni and tissue, (other than the 
>'ci) by vitamin 1) administration.” Urinary ci„ „ c 
‘'V™ n :' ,,Cr .elevated; hmswei, ,h c Jr" 
icn.,1 nn|ianinciil hurls citrate cxrielin,,** -ll*. 
I-...H paradox Ik, we,,, the a.tion of vitanll) 
desrn.ied alioyc and the radiologic finding of in. 
r„i as<d bone dens.,y ...ay Ik: explained U ,? H . mber 
h.c loi, inehidnr; solubility of cnlri,,,,, salt! and pa, 

h).o ,, l activity, uhieh also influence l.:mc f,smith's 
Mhon dynamic measurement, of calcium .nc-tnho- 
Imn relative ,-at., of accretion and dissolution f a«- 
llol Ini considered in detail. 

Jlic metabolic data obtained in these infant, n 
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contras,*, cal, inn, balamc wasUnited e Tv VT 1 "*'»'**> *"» Utahns 

cjKTially reside, i„g the alienee of co m lh 'u.c min l"’ ^ . ,M ^ cn, V acticaK of viu” 

Agree of net abruption, which va, ied horn 17 ,o 35 n • """ ,rn ** M ' i.atnin 13 activity i, of 

cmitril,tiled |o the marled ostemrl.Tosi, ,, lc>cnf „ iTer, "''T** imHfa '« a «m- 

,I“'C infants, even thoifh lmx're-ilriuni # * . . ' uI * l ’C , ' , y significant increased activity of 

syndiomc, may be related to ,h,. |,2 l • Hic exclusion of exogenous vitamin D had no cfTet, 
allliouph incieased calcium excretion has hcen'cle’ M lIwH '" ,Ca ! a,,dMrf ' ,in n- Si '»« vita,nip 
vuVxl With normal scrum calcium conen.lration, d nK 'r ’r'” 1 d ‘^ c U »’ lo ,M0 

lknt has luggwtrd that vitamin D may have a local exo.:,, r '' !!,c r'»"rib„,;o;i 

.CK,n on the lidney tubule to promote cal £ »K Z2 lU' iT 

excretion.” 1 c •‘' c,u, " ,,c ««•'*«• Howes cr, cxo S rno,„ vitamin D head. 

Although no consist, ,,, „ ,„ crn h, vr ... , i , *** ^ rx i Kt " d l «* J'«k1„cc acute bmcliemical 

Mbrn month, of age. a total value of 571 'pjj a' leas, 0 " Cf,,rr,,, 2, v, ‘- 1 | » ,,n »>"« ^ootlK-r «c,oL 

I0O Wa* found, svith 261 n c , 100 ml Hi I J i ? comjK.imds other than «itnmins D, and 13, 

U'l.a-lijiopiotcin f,action (S,’ •) (imnnal un to 270 ,£1* S * n ‘ ,rac, "" c P^JH-rties.^ A cholcslciol dcriva- 

»'g. |kt 100 ml.). Forfar , t a | l emulated m ? 2 ° , ’ !U ' ‘ “^cn rcliled suUtance or an ahnormsl 

ninlity in cholrslciol m, talmlis,,, with ihc prcnlucSi "hlTylt J'-"!" f °‘ ,U - ,, '' UCin “ ,l,c '"•’•"own factor 
rfa substance active in vitamin U althou.lb , , r . , " amw J} Recently, vitamin D has 

*" . .. .nrtalmlisn, sva, no/ considered ' feiihlTJ ** : ‘ , * ,ha **S ,obn,in 


m. , - - 'vitantvifo. 

L. r Ja,m ... f. , .. intaLe ss.is estimated ,o sjiulrmnc fmthe, sugeest tlw iNrsihiliiv of a dr 

22 !'!*_'“’rr' >• >•'. 


j 000 mins daily, a doL.ge ,ha, does no, usually 

-I m n^nsrd nrn* values. Krimly, Cw3 

itanii.? A V r r C "' y d, r-' ra, «» ‘'» c transjKut of 
nan,,,, A and ca.oicm: in li^p,olein f.ar,L„ „f 

= wrum. A defect in the‘rate of dcaZ J 

“u n I,,,„ls by an altered lip,.,notch, „„ l.almlisin l». 

* Uvn . .. lussmer. i„ tbir disease. 


de- 

. ,• »s "V " ,,,r, j* >n OI l " , ‘ ‘Utm.uwc similar lo si 
mm 13 Jims, tlie clingy of the scscic fotm of 
id",jo line l,y,je,ci.lcemia of infancy a.»,«a ra 1o be re¬ 
lated to a defect in the mctahoKun of such a substance 
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flMini. .1 Of MVelr i.li«.j>;i|tlM- |,y,W|rnI.cilia 

of infancy an* <!i’sn ilti-J. 

I hr pi iiK ij).i! f i .iimcs «*f <)iid;i>,ii,- haw I icon 

shots ii K. simulate tin- phyM. .logic action* of r ns css 
vitamiii 1) on the plowing child. 

Sinmi vitamin l> activity determined by ||,c 
i.u liilir-rat hi.urviy technic was found to lie twenty 
to thirty turn-, that in normal infants. This stir rests 
that a defect in the metal*, din, of vitamin D o'? ic- 
lalcd Mil,Manets is the primary diologir. factor in this 
rate symhome, hath'113 one to include this tli-.casc in 
llie mjiidly plowing list of inlxrrn emus of mrtabo- 
liMii, or molecular dircascs. 

Wr .re Iml.hlr.l to the Unit,,,ity Laboratory, Amlic./l, 
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IN'IUSSUSCl-.PJ'iON IN INFANCY AND CHILDHOOD* 
An Analysis of Seventyseven Cases Treated by Barium Fnema 
Mark M. Ravitcii, M.D.f 
• haltixiork ■ 


W^I Hla detailed analysis of 152 caws of inlusxns- 
crption nen at the John* Jh.-pl.ins Hospital a 
rt|xjil of 32 patients treated piimarily |, v harimn- 
rncma retlnelion has Imtii jircscnlrtl.' Since that time 

Itl^J^Rter.^y^Sr* ^ ,,0,Ai *" 

MJl«^™ V V.rLrCi , ‘ M-stHd-ta. Uotwnts, SeVJ w 


hydroMatic-prcsMirc rrdnclion of intussiisccptiiHi by 
barimn enema under fluoroscopic control has been 
the treatment of choice in intussusception at llie 
Johns Hopkins Hospital.* Between the 1950 rviKirt' 
and January |, 105t», 47 additional cases of tutrouiv' 
ocal intusiiiscrpiion were recognized at tlsc Jolms 
I lojiknis Hospital. There are a nunibcr of additional 
caw* in whitli the diagnosis of Intiisfusccptlnn u.u 
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INTRODUCTION 

There has been increasing notice taken in the literature of recent years of a 

ab " ormaU, y char «;tm/cd by supravalvular aortic stenosis, 
• peculiar f*r»s and revere mental retardation. That an hereditary genetic defect 
nay play a part m this syndrome has been suggested. The possibility that this 
syndrome may be induced by excess vitamin D during gestation has also been 
considered. Tins paper picscnts the possibility that this syndrome is an 
expression of hyper-reactivity to vitamin D that can be especially severe durine 
early infancy. There is evidence that it may be the anatomic coniSSi cf 5J 
k " ow " “ hypercalcemia of infancy, which many investigators have 
mnA- d r a i°| dCV i. OP *?. mfanU re .«iving doses of vitamin D that are only slightly to 
moderately above those considered prophylactic. This paper presents evidence 

o lifL, n f | d " e i notclcr< ; SlJ of inf * nc y ,na y be tlie most severe manifestation 
Ir?" 1 : D toxicity in infants with marked susceptibility to vitamin D. and 

i«iLn^' l || C . ,d0 * ,f ,nJy ^ .“j 1,e “ * we c *D ,e «'0" of this sensitivity. There is 
evidence that recommended daily dosages of vitamin D may be toxic for some 

a r d 1,3t | tl ,! C l x,,enc y of vi ‘ an “" D is significantly greater in 
mirth!!? 11 riP T au “'P, ,,a * reccn, ly observed, the inborn “variant" in the 
T*' b ?!‘ sm of *! ,arm " D ,l,al nude some children less prone to rickets in the 
unlimited vitamin D supplementation of our foods is now the 

' nb0rn , e 7c° r of . n ‘ c ' abo,i «u” *hat may be responsible for vitamta 
D-induccd injury to the cardiovascular, renal, and central nervous systems. 


I hei<nt Addreii: Scherine Corporation 
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THE SUPRAVALVULAR AORTIC STENOSIS SYNDROME 

Williams et al * Tint called attention (in New Zealand in 1961) to the 
association of severe mental retardation and a peculiar facies with supravalvular 
aortic stenosis in young patients with retarded growth (see FIGURE 1). Upon 
reviewing the literature on similar eases, they discovered that in two of the 
studies, the patients were found at autopsy to have had fibrous myocarditis and 
myocardial atrophy.*' 4 Since they suspected a myocardial abnormality in one of 
their four patients, they suggested the possibility that myocardial degeneration 
might be anolltcr facet of this new syndrome. It is of interest that the patient 
reported by Burry had also been described as being congenitally mentally 
defective. The same year (1961), Perou* reported detailed histological studies of 
the supravalvular stenotic areas of the* aortas of a 13-year-old boy and of a 
24-year-old man who Itad been in a State Hospital for mental retardation. In the 
first case, the child’s records indicated a history of malnutrition and congenital 
heart disease at one year of age; the facies of the second ease seems to bear some 
relationship to that described by Williams et aL 1 The patient was described as 
having large ears, high and narrow palate, and irregular carious teeth, an 
appearance quite similar to that reported recently by Rosenthal and Doyle* in a 
child with supravalvular aortic stenosis. These characteristics are selected here 
for note because of their resemblance to those seen in survivors of infantile 
hypercalcemia 7 (see FIGURE 2). Friedman* has supported that excess vitamin D 
during gestation may be responsible for the abnormalities of the craniofacial 
complex, characteristic of both the supravalvular aortic syndrome and infantile 
hypercalcemia.* 

The histological characteristics of the circular ridge and constriction at the 
upper margin of the sinuses of Valsalva, seen in the two eases reported by Perou, 
included slight intimal thickening, hyalinized fibrous tissue, fragmentation and 
disorientation of the elastica, and foci of necrosis and calcification. The 
myocardium of Perou's second patient showed patchy areas of fibrosis, and the 
kidneys were contracted and granular. Histological changes of the aorta had also 
been reported earlier by other pathologists who sectioned the stenotic portion of 
the aorta. • •* ,, ° It was Perou's conclusion that this type of supravalvular aortic 
stenosis is unquestionably congenital. 

Since then, additional investigators have reported similar patients with the 
aortic lesions, mental retardation and peculiar facies, the entire complex often - 
described as a congenital anomaly.*' 11 ** However, Ebcrle and Bcuren, 1 * who 
had reported three patients with characteristics similar to those described by 
Williams a year later, attempted to detect chromosomal abnormalities in their 
patients, without success. Merritt et al . i0 however, did find a chromosomal 
abnormality in one patient with the full-blown syndrome, among eight 
supravalvular aortic stenotic patients studied. In four of the eight families, only 
the proband was affected. The remaining four families, with only the 
supravalvular stenosis, had 25 probably affected individuals. In a more recent 
study by Kurlandcr el al . 1 1 of 27 eases of supravalvular aortic stenosis, nine also 
had mental retardation and peculiar facies. Chromosomal studies, performed in 
five of these cases, were normal. 

In 1963, Black and Bonham-Cartcr, 7 one of whom was a co-worker in the 
early study by Scldcsingcr el al.** of an infant with hypercalcemia, noted tl»e 
similarity of the appearance at the age of 11 of a survivor of that syndrome* * to 
that of the cliihlren with the Williams’ triad (see FIGURES 2 & 3). They 
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FIGURE I. (top) Four patients with supravalvular aortic stenosis (courtesy of William), 
(bottom) Profiles of children in front row. (Reproduced by permission of Williams, iJCT. et 
mL and Ckcubtioa. 
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additions! «“*. all wfth Clear histories of feeding difficulties and 
£fS PtT ? nlal abnormalities very similar to those seen in infants diagnosed 
definitively as having infantile hypercalcemia. Tlicy recently reported con- 
firmation at autopsy of supravalvular aortic stenosis in the child reported 

S^tti^SSTTf ,e" d n °'l ccd •*’ resembling Williams* triad at thence of 
icn. The child died at 16 years of age with renal failure, hypertension, and left 
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ventricular failure. The necropsy findings were mull pianular kidney* with 
numerous calcified aicas, left ventricular hypcrlropliy, and a supravalvular aortic 
stenosis that lud reduced the diameter of the aorta to 1 cm. 24 

Direct association of the Williams’ syndrome with biochemically diagnosed 
hypercalcemia of infancy, was reported by Garcia el al.** Their patient was a 
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FIGURE J. Patient with Infantile hypcicalcemla at 21 months of ifte (top) aitd at II 
'eats of ape (bottom). ((A) Reptodured by permission of Schtcunpa, B.E. rf H and Brk 
tod. J., and (U) by pcimnsion of Black, J-A. and R JiJh BonhamOrUr and Lnnoat.) 
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I1GURE 4. Ilypcrcalccmk Want with supravalvular aortic stenosis, (top) Note elfin 
faces, high prominent forehead, cpicanthal folds, undadcvclopcd bridge of noie end 
mandible, and overhanging upper lip. (b<M'om) Rocntfcnoi-ram of skull, pelvis and long 
bones and spine showing drlfuse osteosclerosis and bands of increased density at inetaphyses 
and at epiphyseal margins of vertebrae. (Reproduced by permission of Garcia, R.E. cf *L 
and New Eng. J. MedJ 


nine inonlli-old infant, wlio had a history of a normal neonatal course. At five 
niontlis, cardiomcgaly and murmur had been detected; subsequent to a 
herniorrhaphy at six months, retarded development was noticed. The child 
exhibited an elfin facies, (see FIGURfc 4) and c» rocntgcnographic examination, 
showed considerable sclerosis of the calvaria and base of the skull, with diffuse 
osteosclerosis of the long bones and vertebrae. Cardiac catheterization and 
cincangiocardiography revealed supravalvular aortic stenosis and mild stenosis at 
the origin of site left pulmonary artery. This case is of particular interest in that 
the classic Williams* syndrome was detected early, and was correlated with both 
hypercalcemia and a markedly elevated vitamin D blood level (1,540 units/100 
ml, as compared with the usual value range of 60-400 units). In a recent review 
of idiopathic hypercalcemia, Fraser et aL 1 * supported the concept that 
supravalvular aortic stenosis, mental retardation, and peculiar facies is tire late 
normocalcemic stage of infantile hypercalcemia. . 

Uaunun and Bauman” reported two children with hypercalcemia ano 
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cardiac damage. One was a child with a less severe form of tlie disorder during 
infancy, involving anorexia, failure to gain, developmental retardation, and 
congenital lieart disease (sec FIGURE 5-A.B), and who showed marked 
improvement, with disappearance of all symptoms, signs and abnormal labora¬ 
tory findings five years later. (FIGURE 5-C) The only significant treatment had 
becii'Curtaihnent of vitamin D intake. Their second patient was a child who 
wasn’t seen by this group until she was 20 months of age, and svhose growth and 
development had been normal until slie was one year old. This patient developed 
a ha sh systolic murmur, renal damage, and mental retardation that was not 
reversible. Ikuren et al ** reported nine additional children with the supra¬ 
valvular aortic stenosis, most of whom also had pulmonic stenosis, and one of 
whom had a definite historv of infantile hypercalcemia, (sec FIGURE 6) More 
recently, Beuicn et aL ,# »** reported a total of 55 children with supravalvular 
aortic stenosis in Germany, 40 of whom also had pulmonary stenoses. In this 
scries, 23 had the typical facies of hypercalcemia of infancy and mental 
retardation. In many of these cases, clear histories of marked overdosage with 
vitamin D during infancy could be clicked; tlie mothers had also been given 

• r\ ~ a-11. . I _ .L- a A .ft- *1J_. f.S a • . 


-V --- f - - ....9 Vlirvi m wish 

I.Q. s showing curious variations in responses to mental states.* One patient with 
normal facies had abnormal dentition suggestive of the syndrome in which aortic 
stenosis and mental retardation co-exist. Myers and Willis** have also reported 
the broad clinical spectrum of this disease. They have found that the 
supravalvular aortic lesion occurs in tlie absence of m'cDcctual impairment and 
elfin facies almost twice as commonly as in the classic syndrome and tends to 
occur in families. 

With the sinularity in the two syndromes having been established, many 
investigators have commented on the possibility of a direct relationship in their 
reports of cases of supravalvular aortic stenosis associated with the “hyper- 
calcemic facies” and mental reta^datioll.* ,, •"•'*•*•' , *• , *■* 7 Taussig*, has 
suggested that the two types of supravalvular aortic stenosis syndrome-that 
associated with, and that without, the characteristic facies and severe mental 
retardation-may represent different responses to the same underlying condition. 
Donham-Cartcr and Sutcliffe** have called attention to a concomitant syndrome 
in which multiple arterial stenoses occur at the bifurcation of arteries, both in 
tlie mtemic and pulmonary circulation. Since in infantile hypercalcemia the 
blood cholesterol is also high, they have postulated that atheromatous change at 
the stress points of bifurcation might be responsible for the stenotic changes. 
Friedman reported that the Williams syndrome is relatively common, and that 
its association with infantile hypercalcemia inay be missed. Beurcn ef «£**>** 
have commented on the frequency of this syndrome in Germany, where 
supplementation with high dosage of vitamin D is common. In a personal 
communication to Taussig,' Beurcn voiced his suspicion that patients with 
supravalvular aortic stenosis respond abnormally to vitamin D. Friedman** has 
stressed the importance of early diagnosis because of the possibility of arresting, 
or possibly even reversing, the lesions by instituting appropriate therapy. 
Taussig** has published a provocative article, discussing the possibility that 
some .elationship exists between the two conditions. She suggested that the 
inbon. variiuuii m man's ability to metabolite vitamin D may be responsible for 
the valvular changes seen in lltcse conditions. The increase in blood cholesterol 
often seen in hypervitaminosis D, further suggests that such variation in 








FIGURE J. Ilypcrcalccinic patient. who recovered on curtailment of InUk. of vitamin 

A. Ilypcrcalccmic Infant: note malnutrition. poor development■ low__# -j_ 

B. Roentgenogram, iltowin| cardiac enlargement; “cocur en tabot** coiSkuritkie. 

C. Patient, five lean bier, demoniualing alert appearance good imitcular devetonmeat 
(Reproduced try perml.clon of Bauman. A. A CaJ.B^imOTTsuu j 
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FIGURE 6. Nine patient* with supravalvular aortic stenods. (Reproduced by permission 
of Beuren, AJ, C. Schuiie, P. tbexle. D. lUi.gaiu A J. Apitz and CircuUlkM. Am. J. 
Cardiol) 

susceptibility to vitamin D may possibly be related to the far commoner vascular 
lesions associated with abnormal cholesterol metabolism. Her most recent article 
on the subject 1 presents a review of several of the publislied papers on this 
syndrome and includes comments on the similarity in the appearance of the 
children with supravalvular aortic stenosis to those with idiopathic hyper¬ 
calcemia. 

IDIOPATHIC HYPERCALCEMIA. RENAL AO DOS IS, AND VITAMIN D 
Hypercalcemia of Infancy and Vitamin D 

The similarity of the syndrome comprising supravalvular aortic stenosis, 
mental retardation, and peculiar facies to that seen in survivors of hypercalcemia 
of infancy calls for a careful examination of not only the pathological picture, 
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cardiac function’•■»’.* •<*•.»* in a few cases. The mrntai 
telardalion, however, was irievcisiblc. Apparently the krone the delay hi 
diagnosis, the more severe was the physical damage. H>pcrtrntioo and systolic 
roufimn (often stiown to have been due lo nipiavahmlar aortic nr nosh) were 
teen, and renal damage became more severe with fixed gravity of urint 
albununutia. earn, hrmaturu. and signs of inriranng renal insufficiency! 
Increased bone density, drtrclablr on *-ray. developed Cranioslenoaia and 
ooroKleiosir. especially of the base of ihe skull. and. lo a lesser extent of Ihn 
long bones and vertebral column, were frequently teen. In addition to 
telardalion of erowth, revert menial retardation became manifest hi that 
tafantL The infants are charactciieed by an "elfin’' facies that h conaidered 
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fi^T?"ls“Vja'jV*’vtP' c f ,,hic ,oM * "* lcw ' vr1 ' P ,umintM cart (HC- 

S*®y**)- •* f This facies Is indistinguMiaMc from that seen hi rht 

congenital supravaMilar aortic Menotis ryndrome (MGURLS !.*).*•*• 
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oorrelated with tush modertlely high intake! of vitamin D by suueptiMt infmt* 
cannot be averred from available data. It mutt be noted, however, that b their 
recent reporti of 55 caict of supravalvular aortic stenosis, 23 of wltom had daw 
manifetlaliont of hypercalcemia. Bcuren ft tl“~“ did attribute the high 
incidence of theie disorders ei Ccimany to high intikei of vitamin D durine 
Infancy, and to hi(h susceptibility lo vitamin D of afTectcd chOdrea. 
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Another ditcara of Infancy that htt been oorrelated with vitamin D Intake 
and that it possibly related to hypeicalcrmia of Infancy it renal acidoek. 
Ugh < wood and Buttee 1 * observed that there wu a elrady incrcaie in the 
incidence of thin diveate from 1950 (the nut data In the reported tabu le M ud 
throush 1953, at wliich time there wit a tharp drop in incidence (laa FIGURE 
II). Since infanli with 'hit syndrome often exhibit elevated term calcium 
Irvrlt, it wii reasoned that there was clearly a biochemical over las bshrsta 
infantile hyprrcatccniia and infantile renal tubular acidotev ll war concluded, 
however, the* vitamin D wu probably not the common etiological denominator, 
dnar the drop in Incidence occurred In 1954, tliree yexrt preerdim the' 
correction of the exceu vitamin D milk content One point that wu not 
considered, however, was that, from 1945 lo 1953. Hie calciferol content of 
milk wat still excessive (JhO I.U./dry ounce), cod liver oil enriched with extra 
tdlimin D was commonly administered in addition, and duiint that period of 
lime supplementation of infant cereals with vitamin D was also coming tato 
vogue. Tlw drop in incidence of infantile renal aeidosil in 1954 coincided with 
the dsarp rite in incidence of hypercalcemia of infancy. Ttw bxxiicinical overbp 
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hypercalcrmic infanta. In view of the vitamin Ddike effect of »im -«■-■ r.. J 
dernralnri, the* mveuijator. have luRciied that thh diva* mmy be rrfamd 
pnnunhr to a dnordcr of cholrilerol metabolnm. In hit doctorj ik»lL '»* 
Toifa/ hat potlula*d that calcderol may act at a chemical inrdutor bi db 
4iici* by activating rndogetioui vitamin D precunon present in txjotu h 
msceplibie infanti. Tlir* concept may explain the relative^ amall mtaka W 
vitanun O auociated with hypercalcemia of infancy, and the prolonged vM^^ 
D activity in tuch infirm after withdrawal of all exogenous sources. UUci’^M 
reviewed several Iheorset involving vitanun D indirectly in the palSoccneib of 
infantile hypercajcrima. Tlie* include (I) deficiency of unuiuralcd fatly ad*. 
(-) adrenal incuffsCKncy, and (J) liypothymsdum. at wel aa the tiyiid.iud 
dsolccterol meubolivn already referred lo. 

Amrrtvity to Vltn rdn D by Ham 

VarUliona in radoytnoua precunon may explain the narked vwiatiow to 
uiicxpobilny lo ticket! ices m different racial group* In a study In T<-* 

,tp r e i!" i’? 7 *> D, * k * “' « " r *"“ ofBXdi or K^SnTE 

(lock Mfii/i n *H mmLoJ .... viart a t* • . a , ■ 


, r . . ’ " w Di111afl or owinci 

uock. who had race bred no vitamin D, only I J% had rickcli of a moden 
marked degree. Al the end of a five-month observation period. 21* had ...... 

advancing ticket. The preceding year. Le»ia"* included a cunlrol grotw of 22 
infant, on no vitamin D In a New York City study of vitanun requirement*. Of 
tltr* uifanu, observed duting a five month period from December throud. 
April, eight or 36.3*. dcvelu|scsl hekm. none of the while cluldren in Mi 
control group wa. allecwd. whereat e«ht of the 13 Nrgto children rlnntd 
roentgcnographic evidence of rtckels. Thu* of the Negro infant*. 
developed in 62* of tliote rece vusg no vitamin D. Of the IT infant* »kl 
ncetved crystalline vitanun D in varrout doses and win developed rickrll. Jl cm 
7*^, were Negro. (In thn tlodv 55* of the infant! were Neno. and 43% NttM 
Rican or Italian.) I ollii ef el 1 reported that ut a trrars of IJ03 tuhiacki 
coming to aulopty dun-sg the firtl two years of life, about SO* of the usfantt 
who had definite hntiuict of receiving no vitamin D had ricket*. In thia mom. 
also, it was observed that the rachitic Iruont were more prevalent and trvetek 
Nc i}o children than in whitrL 

7 he amount of vitamin D required by the two racial eoup* lo had ridwta m 
to prevent nekett wat alto found to vary markedly. In Drake't study.' * * aa Ntdi 
*1 300 DSP unit, of vitamin D. administered as irradiated erpoetertil. were 
sufficient to heal iJ|udl> nckelt of moderate ot matked degree. Ai btlle m 9S 
units daily m utaduted milk, at I SO unilt of vitamin D at cad liver oil m 
viosterul supplements, prevented th« deselopnenl uf ridictt. No rvidemu mm 
obtained that thn mull amount wat leu effective in ptevcnlua ricketl. H 
measured by locnlfcncgrams. than were the larger amounts uvuaflv adndm 
hlered. In the population group teported by U** 1 ,, ‘ larger mm mm of 
vitamin D were required to prevent ticket* ll<s data showed that about I4*nf 
58 infants given M5 USP unm in oil or prop) let* glycol dcveloptd moderau to 
tevete tickets, but only S'i si lowed mild rachitic changes if given the mm dot* 
of vitanun I) in milk. W|wn the do* of vitamin D in sad or propylene glycol an* 
increased lo 2f0 umli, ID* of SI infanta developed riclscu; 2* showed tub 
changes on IV0 units in milk. On increasing the do* of crystalline vitanun DM 
cmn «l to 1.450 USP unit* one Negro child developed a mild form of thn 
doeaw Since no litraid waa envisioned Itom such a do*, he rrnmuwndrd 
addition of JJ2 USP units lo milk lo achieve at leaal this potency. A la Ur | 
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who tmi more subject lo developing rick eta. 

Il Is noteworthy that with only one exception, all of the children with 
infantile hypercalcemia reported in Ihe literature renewed in thit paper worn 
white. Similarly, generalired infantile arterioickrotJi. a disease not often 
correlated in the literature with vitamin D, presents a pathological picture that 
strongly resembles that Ken in experimental vtlarnin D toxicity (ride in/Va). and 
la alto found predominantly in white infants'** only two colored Infanta 
having been reported with this condltion. , ••'* , Oarvlinor ml"* reported 
••***• wi,h • tlfoifleanl proportion of Negro or Latin American 

duldrcn, there wat a much higher incidence of urinary tract calculi in tha white 
children Converiely, lines Ihe lowering of vitamin 0 « Ipfanl fooda and 
supplements in Great Britain, the incidence of rickett War net found lo ham 
increased in white children, but did in colored immigrants. 1 *** At foe the 
populated late nonnocalcemie stage of infantile hypercalcemia. the Wflkim' 
syndrome, that loo has been repotted predominantly i t white children. SeverM 
colaced children with supravalvular stenosis, however, ,iavc been re ported." •** 

Although the trail responsible for hyper reactivity o vitamin D predominate! 
" ‘ nn4d children. It Is apparently nol limited Ic that racial group, ll Mena 
unlikely that difference in skin pigment, alone, can ccoonl for the extremes In 
reactivity to vitamin D. Additional metabolic differences tn handling vitamin O 
must ino exist. 

£ r FECT OF VEHICLE ON VITAMIN D POTENCY 

The greater efficacy of vitamin D In milk In preventing rickets, as coirratd 
with vitamin 0 in oil or Inoropyknc glycol, 1 **'” 4 wa> fuirsheduwcdin 1*35 
by Steams and Jeaiu ,4 ' , * c ' 1 ** who calibtatcd the cfTtet of dilTctcnt doses of 
vitamin D against the growth of infants. They showed that infants gten 
300 -400 units of vitamin D in cod liver oil pew al faster than average ralea, 
whereas infants getting all of their vitamin 0 ftom cod bver oil emulsified in 
milk requited only 135 units pci quail for the une talc of powth. Thek 
demonstration that daily vitamin D intakes of I.HOO-4.000 units earned a 

K dual slowing of powth. which immediately incteaicd after Ihe inlr' e had i 
n reduced to 400 units in cod liver oil, has since been critic ire not 

standing up to modem tests of significance.* * 

The clinical repoits by Diake. 1 ** Lewis. 1 ’ 4 and Steams and leana* 4 • ,,, 
indicated an apmoumstcly threefold increase in potency of vitamin D when H 
was given in milk. An even peater enhancement ef'ecl by milk of the potency of > 
vitamin D was indicated by Lewis' 1 * 4 clinical experience with Ihe antl-rachiUc 
effect of crystalline eirosteiul in oil o- In milk (vee TABU 4). Ik demonstrated I 
that the therapeutic ellect of 90 units uf crystalline vitamin D in milk healed al \ 
nine rachitic infants in his study, at demonstrated by roentgenogram at four. six. . 
eight, and ten weeks. Only 45 units In milk were cuialive in sin out of eight 
racliitk infants. Of the nine infants who received 90 units in oil, three showed 
no healing at six weeks, and the tachitic process became worse al the end of 
eight weeks in two. One of llic infants in this poup. who showed advancenieat 
o( the tachiiK process at four weeks, was then given 90 units in milk with 
resultant definite healing in four weeks, and calcification in the radiitir Loot 
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however, that inf-lATh^rc.lc^ ^J^^"**?** There i* evhkrute. 
well be related to modcratelv hrrh itnyJt J*phrocalcinosb may 

•Mcepbbility to this vitamin. * of vitamin D by duidren with high 
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observed in I9» thuZJ!?***** ellribuuble to Use vitamin. Duguid'*' 


developed in the kidneys, which showed calcareous casts in the tubules and. ' 
occasionally, calcification of the interstitial tissue. One of the aortic letiow ' 
found chiefly in the media consisted of muscular degeneration. Calcification of 
the elastic lamina seemed to have occurred early, with calcification in the 
muscular element of the media occurring only following the degenerative 
changes. Such calcification was seen first and most frequently in the atcrndbM , 
portion of the aorta, including the sinus of Valsalva. The intinul changes, which 1 
were minimal, were considered to have been secondary to the medial damage. A ; 
year lalei Vanderveer'** injected young tabbits subcutaneously with S cc/Vgof ’ 
irradiated ngostctul twice weekly until the deaths uf the animals lie, too, found 
the earliest calcareous lesions to have been mtimalely related to Die elastic fibers 
of the aorta. In these experiments, Uac calcium waa deposited over the clastic 
fibers and muscle cells beforj either showed degenerative changes. Foetd area* of 1 
mitcle degeneration were teen in the aorta. In some animals, extensive calcium 
deposition was seen in the myocardium, as was some sclerous of the coronary 
arteries. Generally there were calcium casts in the tubules of the renal cortex, 
and in some animals theic were also parenehyratal calcareous deposits. Interested 
in lire sequence of development uf the deforming, sclerotic changes of Iht 
ascending and transverse rviriiont of the aortas of animats that died of poisoning 
with vitamin O, Spies' 4 * studied the effect of sublethal dotage on youam 
rabbits. They were sacrificed 97-102 days after the final dose of viosterol waa 
given. The wills of the ascending aorta and tiansurnc arch wet* calcified, 
irregular, and tortuous. There was ancuryunal dilautkan ji some areas and' 
reduction in caliber of lire vrtsel: in others (esuird by protrusion inward of the i 
arterial leiiont). Tlw internal clastic lamina uf the media war mutt scvetely 
affected. Comparison of the lesions of this group of animals with thoM of; 
rabbits given massive dotes that caused death 14 * led Spies to speculate dial' 
degeneration of the affected cells and irabsusplion of torn* uf the calcium my, 
have taken place after ccating vitamin D administration. Similarly, the kidneys 
of these rabbits had strikingly fewer calcium deposits titan those of Ilia acutely 

C stoned animals, suggesting to the mveuigatur dial the calcium deposits may 
ve been reduced. I 

To determine whether the caictfiealiont earned by vitamin D toxicity wan! 
degenerative changes, or mcicly due to precipitation of calctum from the blood. 
Him' * administered enormous single doses of inadaled eigmtttol to ont 
series of nit. and daily doses to another. Twrn!y-fow hours after lh« single 
dose, no lesions were seen, within 4* hours massive calcifkatrvnt were seen in j 
the aorta, coronary artciics. and cardiac musculature, around which waa a 
marked inflammatory cell infiltration, lie concluded that, among other factors,! 
the precipitation of the calcium depended on the saturation of the serum with i 
diffusible calcium. On the oilier hand. Sleek cr *1 144 found evade nee, in a study 
of 64 dop given 15,000 -500.000 units of vitamin D/kg daily, that cellular 
injury occurs first and that calcium deposition then takes place at the site of 
injury. The influence of vitamin D on the i ekrum and phospliorut content of 
tissura of dogs was studied by Reed er *1 14 ’ in 19}). Dugs on high dosaps 
iiradialed erguslerol showed higher concentrations of calcium in all tissues 
analysed (tee TADLt 5). The greatest incirnscnts were teen in the lie art and' 
kidneys. The increase in the content of calcium in the brain i* uf parboil*, 
interest, since it provides • clue to the cerebral damage that it probably 
associated with tire menial retardation seen in chiMrei: with infantile hypes-j 
calcrinia. There was no direct correlation between the calcium content of the! 
tissues and the total amount of novierol injecicd per kilogram of body weight or 1 
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although the two different type* of Irtiom were found »« di/r.,.. . , 
were not Mjprrimpoud. Doth tyitei of Irtiom favored tl>e nmiwul Ktir!/ a! 
J»... mcludin, the Kch IlhoV m tf re!Tr,hT^^4 

h ~ elevated calcium le*,.' £?£ 

h-SStToTc’lr^r^w •• 

wh that among African, (who convumcfdlei, low in uluumaad 
Wfewnee, . meubol.im of calcium and phouhon!,£2* 
that might play a role in (he variation* in Mticeptibilily to aneriocclermk. sZS' 
hyperlipemia may exa« even when the dwt „ 

hpida l* liasuet it dependent upon * „ ~ p ” l l> * L ^I 

ZZ n "*.P°»"W"y 'hat ,uch injury loihe fff^ jfg 1 

vtlamin D nuglil have ptednpoted lo atneromalou* pfaouc forma Law I. - r * 

d^Tofli aM" ,, " H* from thieet?m month., fed 

ino only dotes of 25.000 units of vitamin D at crystallized cilcfrml u **- - 
obieevei 4 wide rang, of .eactaon. It wml?” .^1. JL ! 

•OXK reaction, lo the tame dove of the vi l | 

aeen wit mild damage to the arterial endothelium with miration of -mnnnrlnS ! 
element, and oulymuepliainto the aupcrficialpart of the media and l7umnrd!a I 
emCThelium. Necrom of the inthn. 
chromatia and drvuption of the clatlica. Damage to the cndotheLum aid 
“ "if “ J * eonfmed lo the unu, of VaJulva aad Iha 
'O' ,h * »r»* »<*• Mild uihendothelial edema wa. accJmJmMb/I 

variabir degree of mrlachtomaua and acrum>il«i<nfl c f Srt_(f 
Depend,", on ,he dept, of involvement, ihr.e wa. Icaao « ofz 

mH. -hue ceD, The milden fern of medal m*ury n, ede^mA^^lrf 

ad^d 'hf'^lhJ 11 "'" n** mt '* ch ioinaua. change, which weie muaDy a» 
r *7 “'M" °* «*■ endothelial degeneialion at the SZ 

alciAalHM of the elastic lamina, followed by degeneration of the muscle alk. . 
preceded replacement of the degenerated fibers by large, clear nui«|>filted 
that widely tcpaialed the ela«ic Obe,,. At this Hap. the Innei fuel of thT^S 
'h'ow* into fold. Interne wbendothchal and mcd.al calciricaUnn Jn totm 
ln,lanm. led lo the foimaiion of K>i.d pblev which 
covered by muliipi. layei, of endolhehal crlh The calcium plalTTSSh 
hecatnr reduced and more deeply embedded to the much Ihiciened wall of . * 

Zh ,Z , Z‘ 1 ' t j Chr !?S i 50 dj> ‘ if, * , ,he b ** dow of vitamin D dwwed aorUa 
f”.u c ‘ k f ,cd Pur'wn, leplaced By a thick. camlapU* matoW 

"“*** r° ,min f inegulae hand, in the deeper liymof the aortaT 
By paded adimniMratiun, of vitamin D. Oldman and CilVri’ 4 * wa. .hi. u 
drmomlratc that myocudial injury and calcification were piece dr d by iwrdhm 
and mlenw cmmoplulu of I lie muvclc ced,. After dncontinualion of vttandoCL 
^ degenerated mvocardial area look place, with hwerlrodiv tJ ilj 
neigliboring rmiwle cel, and rcrUaMivWm of ihrTapidary iu.ork^C'^idm 
,hf th * n V** » which weie wbcndotlh luTedema and inteam 

mrtacheomaui unular to lhal Ken in llw aorta, were dm common afleTloS 
vitarmn ll. CakifKation of the valves was uncommon. 

Recently Coleman,* •* who demonstrated electrocardiographic ehinrr* u 
byrercalcemii and cimidned the changn a, peSoUy 
indjcaliw of left ventricular myocardial damage. admini,tcrcd^vnamJDta J 
ouUy to IS yoon, „bb„. ,t M S unn, Dj; l»770 ^o. D^ r^f 

Th!r*!nnTr L f ?*"r ” nbhit given vilamin D. but in none of the cooBoIa 
TTw tome, half of Ih4 me da wa, affected, and h, »me balance, there 
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the pregnant rabbin and of their ofTipring were revrn and nine time, greatae 
uiap those of the control rabbits and of their young, indicating that 
transplacental passage lud occulted. AU of the mother! allowed the ctesiic 
vitamin D-mduccd cliangei in the aorta.. Fourteen of the IS newborn rabbit, 
had normal aulas, but II of there 14 ihowcd an cxaggctjilon of tht 
■ipuvalvular plica that wa. timilar to that recn an free of the a control 
neonates. Four of the vitamin D rabbit neonates, each from a different Utter, 
had abnormal aortas. In each there wa. a prominent annular prdtrutioo at she 
supetiu margio of the unu. of Valulva, with resultant narrowing of the hunt a. 
The protrusion wa. caured by medial pioliferjtion: the intima wa. norawL 
OfTipring of vitamin Dmuiherg that died at two to X days allowed lesions of 
the aortal ranging fiom early medial degeneration and thickening at revrn days, 
to triangular-shaped protrusions into the lumen of the aorta, cauvrd by local land ‘ 
thickening of the aottic media. The .in rabbit, sacrificed <1 three month, showed 
change, in llieir aorta, quite similar to there found in the mother, given tho 
valanuia. It should be noted that there chance. «are very similar' to thorn 
reported by Cdlman and Glib,,,'*’ laie in .ire. ISOday "tudy andbj 
Coleman in young rabbits given very much anutier doles of vtlanuo D by 
mouth. Apparently the Isle remit, of acute vitamin D Uraiciiy art staler 
sabelhet induced in ultra, or in the young or adult raprrimrntal animal. 

Note ilitruld be taken here of an inadseitent detnon.it at ion that adminMro- 
tnm of large daily doac. of aalarus D ea:!> <*j:uj ;e.!atioc to a meaVre of « 
chid with infantile liypetcalcenua Is not necessarily cauultw of infantOa 
hyprrealormia. To aacertain whethet the mother of a f out-year add patient with 
the mptavalvular aottic alenouvpeculiar, facrewnrntal retardation ayndroana 
was hypriaenutive to vitamin D, Forbes rr*f"* gave Iret lOdXXI unit, daly To 
theb dismay, after two and one-half week., the mother reputed that dw woa 
peegnant. The vitamin D wa. immediately diacontinued, and the milk Inlakt of 
the mothet wa. tcatiicted to one pint of nonfulafred. Uun milk daily for tire 
duration of her pregnancy. A normal child waa bun at term, who hat remained 
normal throughout 11 monthi of follow-up. 

/nuoptlholofjr. of CUnlctl Conjilloni Rncmtting FxptrlmtuU Hrptr- 
riitmiaoih D 

The hMopathology dereribed by Perou in clinical uiptavalvulw aortle 
atcno.il. which included hyaJinirad fibrous inure, a. well ai foci of rreciotia end 
calcification, often atuscialcd swlh degenerated etattica within lire - thickened 
media of the aorta., beats ■ striking resemblance to lire laU lesion, repotted la 
the foregoing reel ion Infants dying early in the course of hypeicalccn.il had 
histological aortic change, beating a tignificant resemblance to the earlier 
er penmen til Icuom caused by vitamin L> toxicity Intnnal and vubendothalid 
thKxenmga with fiapuentalKMi, degenctatioii and cakification of the elastic. ■ 
•*, /J'A*!, my'oc aid ill degeneiatiue change, have been re- 

Al the autopsies of infants with generaiued arterial cakifiealloo, -*■— get 
resembling even tnote closely the acute vitamin O toxicity damage aaeo to 
libmiluy animals have been obrerwd. Stryker.'” in 1947, reputed four 
infanta who died at two to reven months of age. and whore autopsies revealed 
calcification of the coronary and other arteries, in selalicnihip to the internal 
elastic lamina. A fifth infant, stillborn to a Id-year-old gut, had similar arserid 
lesions, as weD as focal calcification in the fust portion of the aula, myocardid 
ucrotia and caleificaiion, and multiple developmentd anomalies. Fod of reccat 
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myocardial infarction «rrr found in im «r ,w. ur . 
neonatal period; renal damace rautin* f.IHT^ .!** ^fanti who survived the 
to ttuiked calcification of the reJiJ* ubulea 01 2* P" enc hyma 

potsibility thji hynervilaininmi. D mav hr • ,*?" " f°«»»dcrin| Iht 

calcification of toVWs^to a! c.uul fac^ j, vnniiut „* fM 

i">A, i„ hi. wiw^cTwl" <m *Umln D 

literature. In the cut of litc infant who 'el J * ,**£' 1 ** '‘bulated frotn Ih* 
physician had suspected hypcmilUIinmi. 11** l ? U “ 7°°' h ‘. '•» family 
unmuj vitamin intake by t.ihar th™ mother JT, ? f Kt, . n ? ki * , ory of 
Ihai I hr tibhn| of (hit infant wa< reported h» * °* “»'««* 

(nnitar clinical picture, but no auloosv had J 0 / 1 ** ^ wi,h *i 

•even month, had been bw,£*d MtoStlZw.7ZL P* in( i ni «*• M •«. 

oil twice daily during !*" d,0 * H ** * concentrated 

Innu . 1 ) obtained in the ifmhdnY It, N “ h, »'ofy regarding viiamin D 

ftom the literature wat one reported by LkhtI77sd"S7y lh f 'ibulated 

month.. She had been f^nd^^^^Vn^T 21 

and at autopsy dm wed f.btolic and cakufied fi.TIf ' albuminuria, 

degeneration/fibrous, l^caufficalio. £*""*"• ‘"Iciit.lial fibroU, and 
osteoporosis and o.leo“" ,„d “a, + *22* *" d She had 

dwarfed. liivinc been ffrwft-<4 t . 11 ** mentally retarded and 

»»f vitamin D, as a time (1932) uhenThere*^*^P 1 *^** ol **f 1 **!’’ *mounto 
food, th., may be the fit,, r£r'r ,n,i ' io " * 

hyperreactivity to vitjnun I) tier >, . ,*? "* *•>pc'calcemla caused by 

Hypocalcemia and renal danuee but wtm E*.* v*. "•* *** moderate 

parath)roidism; one of ihete*fs^mfants^howeve* v C 5° fU ^ *° k* 1 * by par- 

,moun ' of ¥ "»™» 0 AH Oihen'had ^ C ^ d *‘ >o * , 'i 0 r ,1 "« 
300.000 unita. Men ten and FelleVman'**7** •"E * “"f 1 * *"• * 
generalised ailetlosclerosi. and tnyocatdial infaicO^ belH 1 ^“' 7*? * 

taken no vitamin 0 durint mrenanev Ln 7v u j ". lo * mo, b*r »ho had 
dicalrhim phosphate dady ‘iC had^;^ *5" *•*««»« of 

■laily Martin* at two weekc At ona n^^i^'T <,op * °* °** ¥ " percomort* \ 
denied canty ,„d unit Lib . U **" ,0 ¥omi,i *' 34 day, he 

rhiiacleriuic of infantile hypetcdcemia a. ',*7 BOW 'ommonly comidertd 
wonao- branches were founVTo be thikewd **j“ • u P»' r> 'W 

IOM * •»» dilfuiely thickened lh«iol«!!-d 7..’ . *" d calcified, and tha 

lie internal and medial clatiica fiheri^oL* ,t ’* J l*d coarKnin* of 
Iryenetation of elaMi n^* of l he r ^,r'rr,r^: h 
hickcning. Foci of mtocardia! inrxnin . iv **!* • 0, l*' *'lh calcaieout 
Km of about 2 % o/7he ctomeruli wat m”d ** [*r*y '•yalinaa- 

ceatKmal glomeruli and concern., luholeTtW f'*"*'*'"™ of 

y M.-nten and Fetieiman"* wen Zki.« * 0 ,,,r ""*«ep«ied 

■irectoely. and who dolled «e« ahred 77; ^ d *‘ - " “* “ d -wk*. 
nd parenchymatou. degeneration of Uk knlr!eyl7^ l ?|JJ»^»jy o caid'alinfar c, l o «, 
i tlic »nria «n fwclimt %nd rfpa.au. , ■ ^ ”• commonest chjnne seen 

bm there were also ailicriHiuious^hickcniMtfi ^»*»»buted elastic 

edia The infant reported by Wilkerion** af hivm'. I / Il " nin *, 0 f **'* 'mfctlying 
Ho had severe calcinosis of arter*« kidiMw* • B f r ^ fC ^ ce,,, H^ infancy, 
cells, and who ^ 9 J mm °" “'W /t 17 

- be pooped ^,h"JrS SS? 
unpued the pathological change, aeen in 
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01 ^J" ,h / hn “. *?■ ‘"fwlile hypcrealcem.^**- •• reported a muhod 
predileclion for calcificiiion of the internal claHk lumina in thTarlenet of Ma 
patent, and of other, reported in the literature In addition to calcification of 
Ihe peripheral and pulmonary Kwh. Ih* infanta aim had ftbtoui iolM 
proltfrialion to tire extent of obhteiatioa 'af the lumen in tun* diet calcium 
me nitration of Ihe ebMka throughout Ihe aortic media, aa well at tena 
calcification. One of the* infanta diowed clear evidence of myocarM 
infarction, aa did an eighl weekold girl teporled by Traiunan el of'** and 
another infant'(one of two more tiblin^ with the* .yndiome) reported by Moean 
*" d B ^ ck "', Tl » ’'P 0 ' 1 included a nimmary of 44 pubiithedcasrt of 
•rtetul calcificaiion in infancy. In all but two of I hew caw, calcific mater id woa 
reported m the coronary artenev and fibrou. intimal proiifcratioo waa wen hi 
many other artenea in mott of the ciut r m 

Sprcifw attention mat called to the renal damage wen in the mclux of 
generalized artcnowleroti. of infancy by Stryker7” and by hCraa aad 

»^7iwk, W u° -TT? ! 1 ?* PxW'tbed caw. to dale in 1947 and IM*. 
tejpectivety Mm an and Becker uiggerted that mrta.tatk arierial cakificallao 
■viov occur wcondjnly to renal danuge. Their wriea of cave, exdodcd any in 
which there wav clear evidence of nrurury renal dneaw. although concomMao* 
renal leuond ranging from local gLneiulonepliiitia" or "change." tocaicifica- 
iKm of renal arlerte. and/or tiuue. wa. reported ui moil ofthe cawv The 
authot. commented that the arterial lenona weie indntmguidiabie ftom thorn 
wen in arterial calcification wcondaty to advanced irnal dneaw. or a.tocialed 

hTA-^t-o. ,hc h,,rt ^ ^ «• w 

DISCUSSION 

Among th* diwaw. wen in infancy and childiood are aewral that wtm tn ha 
71 *** *\ f ^S 1 t*lv frequency of repot ting in tin Inerature durb« 
the part -0 to 25 yeti It n d.lfrcidl to he certain whether supravalvular aortk 
Menou. (WiHijrm syndrom*), hypercalcemia of infancy, renal aetdoua. and 
general reed arleriovlcrovit of infancy arc detected more frruurnlly breauw *i 
the greater vrpiitvl real run of the clinician, or wliether they ham actnalv 
increawd m incidence during the past quarter of a century. Thai all w* 
charactrrurd by lesion, wen in experimtnial hypeiviiaminoth D. and that 
Airing th* ume period vitamin D .upplenwnlalion hat become prevalent In 
demonstrated** ^ ,<>m mo * 1 ,hr e,tct ban* been teported, haa bo*n 

e "^ uc changet wen in the dinkal condition, dewtibed bear a ttrdihw 
tcwmblanc* to thow wen in tat. and tabbit. on high duw, of vitamin D About 
a quartet of tha infant. w|m> died of genetahred arieiKncleiosi. were found In 

.,V7.7r . m i y, e "?'* ^i7"iii d fs c s-'i h f? 4* flK '** infaictiun.fibroMa,and 

aiea. of calcification Such lesion, ban* also been teponad hi 

mfant. who died of .nfanlile hypercalcemia, but far leu frequently. In hiTrrvicw 
of tlw cardiac lesioni of infantile hvnerc Jcemia reported in tlw iitetatui*. and 
wen in hi. own clink. Coleman" listed left vcntucuUr or bivenuicolv 
myoeatdial hypctltophy. myocardial fihrou. or calcifKatmn. and valvsalw 
endrscaidial It non 11 including fibiosn and cakificatiun Suspecting a mvocwdik 
lesion in one of Ihe children with the suniavalvulai aortic stenosis syndhonw. | 
William, tl i found that Denk and Vetheugl* and Buuy* had icported 
fibtoua myocardili. and tnyocatdial attophy m .nnitar palknl. They P " n *^ 
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of British or Northern Europe us origin require Bute or no more vitamin D than 
it obtained from nonfortifted foods and from sunshine. Confirmation of da 
leaser daily vitamin D requirements of white children, at conuured with thole of 
Negroes. was reported liy lewis." 4 lie found that none of the while children 
observed over i five-month (winter) period of no vitamin D supplementation 
developed rickets, whereat 6M of the Nvfro children witliout vitamin D during 
the tame time did The significance of Use ability of tome children to remain freo 
of rickets in the absence of outside sources of vitamin D hat not been analysed. 


allowed for thriving of children who live in areas where exposure to sunlight Is 
uncertain and where other sources of vitamin D are unreliable. With the coming 
of the public Itealih era, with Jta emphasis on aupptying all infanta with sudt 
supplemental amounts of vitamin l) at hast been found necessary for thorn mod 


liability. It must be noted that this genetic variant is apparently not [united only 
to Ho white face, despite the far prater frequency of the disease reacmMing 
hypcrviiarunusis D in fair-skinned children. Two Negro infants with gcneralired 
arterial calcification.'*•' 44 which may be the moil extrema expression of higga 
susceptibility to vitamin D, and several Negro children with supravaNsalcr noetic 
stenoaii have been reported. 1 * •*' On the basis of the available evidence. M srrns 
likely thal the genetic variant that results in poor responsive nets to vitamin D. 
thereby protecting against vrlanun D toxicity, but increasing susceptibility to 
rickets, it more common in Negroes. On the other hand, the variant lamented 
with matkedly high responihreneu to vitamin 0 that protects sgamst tickets and 
that increases sutceptibdsty to vitamin D toxiciiy seems So hr mote Currmron hi 
fair-skinned children. 

The amount of vitamin D recommended as a daSy supplement was selected 
on the basil that it should be sufficient to protect agamat nckeli In at lend «» 
of the total population. The data used wete probably obtained from LcwiaV 1 
study, whi.il showed that even at 1.450 unilt/dsy, one Negro child stfl 
developed tickets. On thal account, lo recommended addition of .4)2 units of 
vitamin 0 to milk lo achieve at Iraal the protective value of 1,450 units In ol 
That 3)2 units in milk may eaetl an even greater anti-rachitic effect then 1.450 
unit! ir oil it suggested by fewis* work 1 " indicating that 90 units of vitamin O 
in milk was therapeutically more effective than 900 units In od. In fact, ha 
found 45 units in milk lo be curative in sU of eight rachitic Infante; the 
remaining two, wbe required higher doses, were Negroes. 

Warkany and Maboo's* ** demonstration of significantly higher blood levels 
of vitamin D in whita than in Negro children was the fust bit of dowel 
laboratory evidence that there are wide variations in scrum anti-rachitic valuta. 
Fellers and Schwarts,* 1 who reported exceedingly high levels of anlhracfutk 
activity in the blood of hypeicaLcmtc chrldten, even wiun given no exogenous 
vitamin D and when prottcled from sunlight, provided the second clot lo lha 
pathogenic role of high serum aiili-faclultc values Forfar’a*** • obsc mo¬ 

tion dial cliolcilciot levels are markedly elevjttd in hypricalcemk infants, and 
thal some chuleslerol derivatives liave vitamin D-bka activity, is aa important 
piece of evidence that anli-tachilk facioti in the serutn ate retpunsibie for lha 
dnease, h>prrcaiccmia of infancy. Ik has pustulated that susceptible Infanta 
have vtunun I) pvicuisort that ate activated by synthetic vitamin D. * Thia 
may prose lo be Irue. Another possibility that available evidence suggetts ka that 
llte addition of crystalline vttamin D lo milk, by enhancing its potency three-So 
tenfold, may be causing vitamin D toxicity directly m such children, whose 


--SO sue lain wswns repurieo ui rau."' 1 

The myocardial fibrosis and atrophy seen hi the children or young adults coinim 
lo autopsy with the supravalvular aortic stenosis ryndrome may possibly 
represent lb* final cardiac phaac of the dnease. It it not known whether 
ovetdosigt With vitamin D may contribute to renal calcinosis and cardiovascular 
4iw jic mi foie# 

Ihc stigmata of the Williams’ syndrome include supravalvular aortic Uenosia, 
menial ictardsliou and a characteristic facies. Children with this disease resemble 
summon of hypercalcemia of infancy, a disease associated with hyper-reactivity 
to vttamm D. 1 he jrathologie lesion, of infants with acute hypercalcemia seen at 
, T w * mWt •*« **»■"! •>* acute « subacute 
phase of experimental bypervitaminosit D in Hie laboratory,"*" 4 M d those 
reported in infants with genctaioed arteliosclerolis. , * , •'* , • , • , ■ , *• Arterial 
changes include inlimal and/or submtimal thickening, with fragmenlalkoo and 
iktencralnm of the inienial elastic lamina, and medtal degenerative change*, 
thickening, and metastatic calcification, particularly in the aorta. In ihc kidneys 
art seen glomerular itchcmu. with endothelial prutifeialion. periglomerutar 
fibrous. reouction in numberi of tuhsries. flattened tubular epithelium, hyaline, 
granula, or calcareous casta, and calcium deposits in Iming cent and in basement 
membranes. Survivors of the acute phase of tha disease, who had lha peculiar 
facies characteristic of theWdloma - syndrome, and who exhibitedVardtae 
damage, hypertension, and aipravalvular slenous, at autopsy’* 44 !* 4 *’ 4 werw 
found lo hart had lessons that resembled the supravalvular aortic lesiooa 
J^lfi.a"? r ' ,OM . to stanotia,* and by CiDman and 

Ctlbtil lata in the course of vitamin D toxicity in tala. It is noteworthy that 
the aortic stenotic ksiona described by Friedman and Roberta" 4 in threv- 
month-old rabbit*. whore mothers had beca given an enormous dost of vitandn 
O during gestation, wert auniiar both lo those if ported by ftrou 1 and by 
** <■ duttcal supravalvular stenosis and lo lha lesions in rati aflar 
loading with vitamin D. The renal changes teen in such children either at 
autopry or after biopsy included ronuacied. granular kidneys with numerous 
areas of calcificalion’ ;l4 - , *i* 4 * 1 *' and were similar lo thora area as a lata 
expression of vitamin D toxicity in the expcnmenld animal. 141 •' 44 

From the available evidence, it teems unlikely that ihe pathologic findings hi 
there severe clinical syndromes, which art ao similar to those produced 
experimentally by toxic doses of vitamin 0. can ba metely coincidental Cteat 
variations in the responses to vitamin 0 in animals and in man have been 
tccognized. It hat long been accepted that Negro infanta arc unduly tusccptibk 
lo rickets, and because of iclalive resistance lo the sntteachlik activity af 
vitamin D. often require higher prophylactic dotes of vitamin l> than do whita 
■mania, as well as much higher therapeutic doses That at the other end of tha 
spectrum arc children (predominantly while) who need very link vitamin 0. 
who are wry susceptible to this vitamin, and who cannot tnki«e ewn slightly 
elevated dotes owt minimal amounts, has not been tealued. From Ilia data 
reported in 1937 by Disk*."* it appears that a significant number of children 
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that myocardial degeneration might be another facet of the ryndrome. Perou* 
alio found evidence of myocardial fibrosis in one of hit cates of supravalvular 
fir not rt. If, indeed* these three conditions represent increasingly severe 
mamfetlatkmi of cxcestiv* reapunw to vitamin D, it is not surprising that in the 
form characterized by infantik aneriuacleiosis. there is focal myocardial necrosis 
or infarction and cakiricaiion. at list been reported in acute vitamin 0 toxicity 
studies in rats' 4 ‘• l * and in rabbits. 44 1 ' 4 * The b— _i,.i 
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LUTZ APPri MTF WINTRS* l«r. 


Index No. 


THE NATIONAL NUTHITUONAL FOODS 
ASSOCIATION, ndSOLOAR, CO., INC., 

Plaintiff e-Appellants, 

CASPAR W. WEINBERGER, Secretary of Health. 

i and Welfare and ALEXANDER M. SCHMIDT, 
ef Food and Dross, 


Affidavit ol Personal Service 


NEW YORK 


>i. 


Sr-4r£ OF VF» YORK, COUNTY OF 

I, James Steele, *'•"* dul Y ,UOfT - 

depones and nays that deponent is not a party to the action, it over 18 years of age and resides at 

230 West 146th Street, New York, New York 
That on *he m day of a_. 19 74 at 



U.S. Court House, Foley 


. N.Y. 


deponent nerved th annexed _^SU| im m ga i ^ \m' ^r/UpJt upon 

Paul J. Cornu-U.S. Attorney for the Southard Diet.-Attorney for P e f so rt s rt s Appel l ees 

Ike in this action by delivering a true copy thereof to said individual 

personally. Deponent I mev< the person so served to be the person mentioned z*d described in said 
pavers it ,f, i$) herein, 


Ssoom to before me, this 6th 




day of „_. 19 74 

August 1 

7 / y 

. / ' ROBERT T. BRIN 

vLct/ \, ^ .. cjMt 0 HE* 

MOT ARY PU6LIC. 

M u»» 


..d&liM.. 

P»l»l M 


JAMES STEELE 










